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(57) Abstract 



A method is disclosed for treating and preventing diseases, wherein at least one of the causes of the disease is beta-amyloid peptide 
induced change in free radical production resulting in vascular endothelial dysfunction and vasoactivity. by antagonizing vascular free 
radicals In excess of functional equilibrium, (see the figure which shows the action of beta-^amyloid on endothelial cells). An animal model 
for the disease is also disclosed. 
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VASOACTIVE EFFECTS AND FREE RADICAL GENERATION 
: BY B-AMYLQID PEPTIDES 

5 TECHNICAL FIELD 

The present invention relates to methods for 
treating and preventing diseases caused, at least in part, 
by p-amyloid peptide induced free radical production in 

10 vertebrate animals, including humans. More specifically, 
such methods for identifying and preventing endothelial 
dysfunction and/or destruction and vasoactivity have utility 
in the fields of diagnostics and therapeutics and in the 
further understanding of the physiological and 

15 pharmacological relationship between p-amyloid peptides and 
vasoactivity and between p-amyloid peptides and free oxygen 
radicals . 

BACKGROUND OF THE INVENTION 

20 

The protein p-amyloid (A4, aP, 1^^.39.42) has long 
been central to the neuropathology of Alzheimer's disease 
[Glenner and Wong, 1984] . However, its role in the disease 
process of Alzheimer's disease and other diseases, as well 
25 as its. mechanism of action, remains in dispute. 

It is undisputed that p-amyloid protein is a major 
component of the neurit ic plaques which, along with the 
neurofibrillary tangles, provide the neuropathological 
diagnostic markers for Alzheimer's disease [Mattson, 1995; 
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Vantner et al., 1991] . It is deposited around cerebral 
blood vessels in Alzheimer's disease [Scholz, 1938; 
Mandybur, 1975; Vinters, 1987] • 

Tlie sequence for p-amyloid is Icnown [Glenner et 

5 al. 1984] . 

Emphasis has been on Alzheimer's being a 
neurological disease, not a vascular disease. 

It has been suggested in Alzheimer's disease 
pathogenesis that P-amyloid has putative neurotoxic 

10 properties. However, there has been no consistent detection 
of such neurotoxic effects and there are conflicting reports 
[Price et al. 1992] . 

Referring to Teller et al . (1996), deposits of 
insoluble fibrils of amyloid P-peptide (AP) in the brain is 

15 a prominent neuropathological feature of all forms of 
Alzheimer's Disease (AD) regardless of the genetic 
predisposition of the subject. In addition to the 
deposition of aP in senile plaques and neurofibrillary 
tangles, vascular amyloid deposition resulting in cerebral 

20 amyloid angiopathy is a hallmarlc of AD and related disorders 
such as Dovm's Syndrome • The abnormal accumulation of Ap is 
due to either over e3q>ression or altered processing of 
amyloid precursor protein (APP) , a transmembrcuie 
glycoprotein. Soluble Ap containing forty amino acids (Ap4o) 

25 and to a lesser degree the peptide with forty- two amino 

acids (AP42) forms the core of the amyloid deposits. The APP 
gene is highly conserved across different species and 
APPmRNA has been detected in all tissues, suggesting a 
normal physiologic role for Ap. The cellular origin of Ap 
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deposited in the brain or cerebral blood vessels in AD or 
its precise role in the neurodegenerative process has not 
been established. 

Another prominent etiologic theory of Alzheimer's 
5 disease recognizes and attempts to make consistent the 
etiology of the disease with the free radical theory of 
aging [Harman, 1986] . Free radicals are known to be 
neurotoxic and have been implicated with Alzheimer's disease 
pathophysiology. However, there has been no direct 

10 relationship shown or even suggested between P-amyloid and 
free radical formation. Again, these theories revolve 
around the concept of a neurological disease and not any 
contribution of a vascular disease. 

The generation of toxic oxygen radicals by AP has 

15 been investigated as a factor contributing to the 

neurotoxicity of aP and the observation that Apolipoprotein 
84 allele is a risk factor for both vascular diseases and AD 
has renewed interest in the vascular abnormalities in AD. 
Applicants have discovered a novel and direct action of Ap 

20 on blood vessels [Thomas et al. (1996) in press] . 
Applicants have demonstrated that AP interacts with 
endothelial cells on blood vessels causing an imbalance in 
the ratio of nitric oxide to other free radicals, notably 
superoxide, with attendant endothelial dysfunction and/or 
. 25 damage and alterations in vascular tone. Free radicals are 
known to mediate normal physiology of vasculature and modest 
disruption of this system would result in dysfunction but 
not necessarily damage. In normal situations, levels of 
antioxidants may be adequate, to provide protection. 
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The present invention recognizes/ for the first 
time, an association between P-amyloid peptide -induced free 
radical excess and resultant small vessel diseases including 
Alzheimer's disease. Although large blood vessel disease 
5 with dementia is considered distinct from Alzheimer's 

disease, several studies note similar pathological changes 
in the microvasculature in Alzheimer's disease and related 
neurodegenerative disorders [Buee et al., 1994], 

The present invention recognizes the vasoactive 

10 effect of P-amyloid peptides, its relationship to the 

production of free radicals, and, therefore, recognizes a 
direct association between P~amyloid and vascular function 
and vascular degenerative diseases. The discovery further 
suggests the possibility that P-amyloid activity at the 

15 endothelial cell surface can precipitate damage to neurons 
and result in Alzheimer pathology. Based on these 
discoveries, therapeutic and diacpaostic protocols have been 
developed to utilize these properties. 

The present invention further recognizes the 

20 effects of different lengths of solxibilized P-amyloid 

peptides in human aortic endothelial cell lines. Mutations 
in the P-amyloid precursor protein (P-APP) gene lead to 
early onset AD. An allelic variemt of P-APP, causes 
Hereditary Cerebral Hemorrhage with amyloidosis, Dutch type 

25 (HCHWA-D) which is characterized by severe cerebral amyloid 
antipathy (CAA) and hemorrhage. 

Applicants further investigated the possibility 
that p-amyloid peptides induce the release or enhance the 
activity of endogenous vasoconstrictors. Accordingly, the 
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present invention relates to the compared effects of P- 
amyloid peptides on the constriction evoked by other known 
vasoconstrictors, such angiotensin II and endothelin-I . 
Since enhancement of contraction of this system was always 
5 significantly increased in the presence of applicants 
employed this to reexamine P-amyloid peptide enhancement and 
the effects of SOD to compare vasoactivity of different P- 
amyloid peptide fragments. 

Recent data suggest that production of the AP;t,4o 

10 peptide may be the common factor in the pathology from P- 

APP, PS-2 mutations to AD pathology (Scheuner et al., 1996), 
applicants compared the potency of Api.40 and Api_42 to enhance 
ET-1 induced vasoconstriction. Applicants also examined the 
vasoactivity of AP25.35 which is widely regarded to be the 

15 neurotoxic fragment of AB (Behl, et al., 1994). In 
addition, to clarify the mechanism of AP vasoactivity 
applicants used both radioimmunoassay and pretreatment with 
allopurinol to determine if endogenous ET-1 was being 
released by AP addition. To investigate the site of action 

20 of AB applicants compared enhancement in the presence and 

absence of endothelium, and also observed enhancement in the 
presence of specific ET-1 receptor antagonists. 

25 SUMMARY OF THE INVENTION AND ADVANTAGES 

In accordance with the present invention, there is 
provided a method for preventing diseases, wherein at least 
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one of the causes of the disease includes P-amyloid peptide - 
induced change in free radical production resulting in 
vascular endothelial dysfunction and vasoactivity, by 
antagonizing vascular free radicals in excess of functional 
5 equilibrium. 

The present invention further provides a method of 
producing a vasoactive effect by exposing a vessel having 
intact endothelium to a p-amyloid peptide. 

The present invention further provides a method of 
10 inhibiting the vasoactive effects of p-amyloid peptides by 
exposing a vessel to a modifier of superoxide formation or 
destruction prior to exposure of the vessel to a P-amyloid 
peptide. 

Further, the present invention provides a method 
15 of inhibiting physiological effects of P-amyloid peptides on 
a tissue by exposing the tissue to a member of the group 
including P-amyloid antagonists, ant i -oxidants, free radical 
scavengers, and nitric oxide compoxmds. 

20 BRIEF DESCRIPTION OF THE FIGURES 

Other advantages of the present invention will be 
readily appreciated as the same becomes better tmderstood by 
reference to the following detailed description when 
25 considered in connection with the accompcinying drawings 
wherein: 

Figure la is a graph of response, over time, of 
blood vessels with intact endothelium wherein phenylephrine 
induces constriction and acetylcholine produces releixation; 
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Figure lb is a similar graph showing the response 
of a blood vessel without endothelium, acetylcholine failing 
to produce relaxation of a pre-constricted blood vessel; 

Figure 2a is a graph showing the effect of 
5 P-amyloid on basal tension by increasing the concentration 
of p-amyloid to a muscle preparation, P-amyloid inducing 
constriction of the blood vessels- 
Figure 2b shows the effect of p-amyloid on a blood 
vessel without endothelium; 
10 Figure 3 is a graph showing the effect of the 

addition of 180 units of superoxide dismutase (SOD) , the SOD 
blocking the vasoconstriction induced by P-amyloid; 

Figure 4 is a graph wherein the blood vessel was 
first tested with large doses (lxlO"*M) of acetylcholine for 
15 endothelia presence, the preparation was then tested with 
small doses of acetylcholine cumulatively, the muscle was 
pre -treated with P-amyloid shows enhanced constriction and 
significantly reduced relaxation induced by same doses of 
acetylcholine, washing the preparation did not restore the 
20 relaxation to the preparation; 

Figure 5 is a graph showing the results of an 
experiment conducted as described in Figure 4, therebeing 
treatment with the enzyme SOD which totally eliminated the 
effect of P-amyloid; 
25 Figure 6 is a flow chart showing the sequence of 

reactions leading to relaxation and contraction of blood 
vessels wherein A shows the endothelia derived relaxing 
factor, nitric oxide (NO) diffuses to the muscle cells, 
stimulating the production of cyclic GMP and further induces 
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relaxation of the smooth muscle, B shows contraction of 
smooth muscle mediated by calcium and being stimulated by 
endothelium derived contracting agents such as endothelin-1 ; 
Figure 7 is a flow chart showing the action of 
5 P-arayloid on endothelial cells, P-amyloid caused muscle 
contraction and prevented relaxation possibly via 

(1) effects on endothelial nitric oxide synthase 

or 

(2) inhibition of superoxide dismutase (SOD) or 
10 (3) producing a relative excess of superoxide 

radicals which cause 

(a) destruction of nitric oxide, 

(b) activation of calcium entry into 
muscle cell, and 

15 (c) elevation of muscle pH and 

release of calcium form 
intracellular stores ; 
Figure 8 is a flow chart showing the production of 
destructive radicals by the reaiction between superoxide and 
20 nitric oxide, peroxynitrite is broken down, to produce the 
highly reactive hydroxyl radical, nitrogen dioxide and 
nitronium ion, all of which can be neurotoxic; 

Figure 9 shows glutamate as an excitatory amino 
acid which stimulates the influx of calcium ions post 
25 synaptically via the NMDA receptor. Calcium/ calmodulin 
dependent activation of protein kinase II allows 
phosphorylation of nitric oxide synthase catalyses the 
production of nitric oxide; 
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Figure 10 is a graph showing P- amyloid induced 
contraction of blood vessels with intact endothelium; 

Figure 11 is a graph showing the effect of pre- 
treatment of a blood vessel (rat aorta) with a single dose 
5 (10"^ M) of p-amyloid on relaxation induced by acetylcholine, 
as shown by the arrows, 1= lO'^M, 2= 10*®M, 3 = 5 x 10" V, 
4=10"''m, 5=5 X 10'''m, 6= lO'^M, 7= lO'^M, 8= 5 x lO^^M, the 
curve denoted by C is the control curve and +Ap indicates 
the curve for p-amyloid treated aorta; 
10 Figure 12a is a graph showing the effect of 

P-amyloid on contraction and relaxation of blood vessel with 
intact endothelium; 

Figure 12b is a graph showing the effect of SOD on 
p-amyloid (lO'^M) augmentation of PE induced contraction, 
15 * (C) is the control curve without P-amyloid, SOD was added 
thirty seconds prior to the addition of 10"^M P-amyloid, and 
the arrows represent the points of addition of PE for the 
control ; 

Figure 12c is a histogram illustrating the 
20 specificity of SOD action by the use of active and inactive 
preparations of SOD; 

Figure 13 is a histogram illustrating the effect 
of various drug treatments on p-amyloid augmentation of PE 
induced contractions; 
25 Figures 14 A-P are electron micrographs showing 

the endothelial cell layers in aortic rings, 

(A) Control aorta at a magnification of 2,400, 
three normal endothelial cells are visible closely adhering 
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to the intimal elastic lamina lining the lumen, one 
sectioned showing the nucleus while two missed the nuclear 
area in this section; 

(B) Control aorta at a magnification of 9,500 
5 showing an intact endothelial cell adhering to the internal 
elastic lamina, organelles clearly visible in the cytoplasm 
include the nucleus, mitochondria, and golgi apparatus, a 
tight junction can be seen between the endothelial cell and 
adjoining cell; 

10 (C) Aortic ring treated with p-amyloid at a 

magnification of 4,000, visible features include derangement 
of the endothelial cell layer, a condensed nucleus to the 
left, separation from the internal elastic lamina and in 
areas denuded internal elastic lamina; 

15 (D) Aortic ring treated with B-amyloid at a 

magnification of 7,000, at this magnification endothelial 
damage is clearly visible with cytoplasm and membrane 
destruction as well as swollen mitochondria and no other 
recognizable organelle; 

20 (E) Aorta pretreated with SOD prior to the 

addition of p-amyloid (magnification 4,000), two intact 
endothelial cells closely adhering to the internal elastic 
lamina are observed;. 

(P) Aortic ring pretreated with SOD and then 

25 treated with p-amyloid (magnification 8,000), this higher 
magnification reveals an endothelial cell with normal 
features adhering to the internal elastic lamina close to a 
fenestration, intact organelles such as nucleus. 
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mitochondria , and rough endoplasmic reticulum are observed, 
a tight junction can also be seen with the adjacent cell; 

Figure 15 is a histogram illustrating the effect 
of p-amyloid peptide (AP40) and the vasoconstrictor 
5 thromboxane on the constriction of rat coronary arteries; 

Figure 16 illustrates real time recording of 
coronary artery vasoactivity induced by p-amyloid peptides 
wherein A = APi.40, B = AP25.3S, and C = APi.js? 

Figure 17 is a histogram illustrating the 
10 constriction of rat coronary arteries by various amyloid 
fragments ; 

Figure 18 is a histogram illustrating the effect 
of increasing concentrations of amyloid peptide (Ap4o) on 
coronary artety constriction induced by lO'^M U46619; 
15 Figure 19 is a histogram illustrating the action 

of the oxygen radical scavenging enzyme superoxide dismutase 
(SOD) on lO'^M Ap4o induced constriction of coronary arteries; 

Figure 20 is a graph illustrating the effect of 
pretreatment of coronary arteries with a single dose (lO'^M) 
20 of AP40 on acetylcholine induced relaxation; 

Figure 21 A-C are electron micrographs showing 
endothelial cell layers in rat coronary arteries, 

(A) Control coronary artery with normal 
endothelial cells closely adhering to the intimal elastic 

25 lamina lining of the lumen, 

(B) Coronary artery treated with P-amyloid for 
thirty minutes at lO'^M, and 

(C) Coronary artery pretreated with SOD (150 
iHiits/ml) thirty seconds prior to the addition of P-amyloid 
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wherein intact endothelial cells with normal appearance and 
closely adhering to the internal elastic lamina are 
observed; 

Figure 22 is a graph illustrating the effects of 
5 amyloid peptide induced alterations in vascular tone and - 
endothelial dysfunction in a porcine coronary artery; 

Figure 23 A-B are graphs illustrating the effect 
of pretreatment with a single dose of amyloid on relaxation 
induced by increasing concentrations of the vasodilator 
10 bradykinin or two different vessels (A and (B) ; 

Figure 24 is a graph illustrating the effect of 
P- amyloid on a bovine cerebral artery; and 

Figure 25 A-D are photographs showing the 
morphology of AP toxicity on HAEC using HE-staining: 
15 Compared to control (A) , 10 |iM of APi.42 (B) and 40 |iM of 
AP25-35 (C) caused more than 80% cell lysis 24 hours post 
treatment, whereas 25 of AP1.40 for a week (D) did not show 
any changes; 

Figure 26 A-B are photographs showing the 
20 morphological characteristics of AP toxicity on HAEC at an 
early stage (three hours post exposure to Ap) : AP free 
culture (A) and 10 |iM of Api.42 (B) , the latter showing highly 
vacuolized cytoplasm, blebbing cell membraiies and swelling 
cell bodies; 

25 Figure 27 is graph showing the AP dose dependent 

toxicity on HAEC three hours post treatment; 

Figure 28 is a graph showing Ap time dependent 
toxicity on h;\EC; 
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Figure 29 is a bar chart showing the prevention of 
AP toxicity on HAEC; 

Figure 30 is three dimensional bar graph showing 
differential vasoactivity of aP peptides; 

Figure 31 is a three dimensional bar graph showing 
the effects of age on AP enhancements; 

Figure 32 is a three dimensional bar graph showing 
the effects of SOD on AP enhancements wherein the 
endothelium is present; 

Figure 33 is a three dimensional bar graph showing 
the effects of ET;^ receptor antagonists of Ap enhancement; 

Figure 34 is a three dimensional bar graphs 
showing the effects of Verapamil on Ap enhancement; 

Figure 35 is two dimensional bar graph showing AP 
enhancement with and without endothelium; 

Figure 36 is a two dimensional bar graph showing 
the effects of SOD on AP enhancement without endothelium; 

Figure 37 is a bar graph showing the combined AP 
and SOD effects when endothelium are removed; 

Figure 38 is a three dimensional' bar graph showing 
the effects of Allopurinol on Ap enhancement; and 

Figure 39 is a graph showing the effects of 
verapamil on AP enhancement in the aibsence of endothelium. 

DETAILED DESCRIPTION OF THE INVEOTION 

Generally, the present invention provides a method 
for preventing diseases wherein at least one of the causes 
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of the disease is p-amyloid peptide induced free radical 
production resulting in vascular endothelial dysfunction 
and/or destruction and vasoactivity by antagonizing vascular 
free radicals in excess of functional equilibrium. 
5 It is well known that both P-amyloid peptide and 

free radicals are produced normally and exist in functional 
equilibrium and are part of the normal, homeostatic state of 
physiology in animals. The exact functional roles of 
p-amyloid peptide and free radicals in the normal 

10 physiological and biochemical activities of an animal are 
not completely known. However, as discussed in detail 
below, P-amyloid peptide has been found to cause or induce 
imbalances in the normal or homeostatic levels of free 
radicals present in an organism. That is, P-amyloid peptide 

15 has been shown to shift the normal equilibrium or induce . 
imbalance in the equilibrium of free radicals present in 
cells (specifically vascular cells) . This excess of free 
radicals is over and above the functional equilibrium 
present during normal homeostasis. Such levels could be 

20 measured by a number of means, but are directly observed in 
the experimental set-up described herein [Byung Paul Yu 
(1994); Prashar et al. (1993)1. 

. In Alzheimer's disease an abnormal excess or 
accumulation of P-arayloid peptide is thought to be due to 

25 either overexpression or altered processing of amyloid 

precursor protein (APP) . An excess of P-amyloid peptide as 
shown by appliccUits could rapidly lead to the conditions 
associated with an imbalance in free radical production 
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leading to vasoconstriction and vascular endothelial 
destruction. 

As a result of the increasing level of P-amyloid 
peptide induced free radicals, in excess of the functional 
5 equilibrium, endothelial dysfunction, which may include 
destruction, and vasoactivity, such as vasoconstriction 
results. The effects of p-amyloid peptide induced free 
radical production resulting in endothelial dysfunction and 
vasoactivity is an irreversible mechanism. That is, once 

10 vasoconstriction and endothelial destruction have occurred, 
the damage cannot be reversed or corrected either naturally 
or by way of medical or pharmaceutical intervention. As 
shown in the results below, in small relatively low 
concentrations, P-amyloid peptide can cause vascular 

15 endothelial dysfunction which may be reversible. The data 
below demonstrate that at low p-amyloid concentrations there 
is a shift in the relaxation response of vessels which is 
indicative of a reversible mechanism or response. Since 
reversibility based on vascular effects is already known, 

20 the initiation or progression of disease processes may be 
prevented or significantly ameliorated. Hence, a 
therapeutic regimen is developed but it must be a 
preventative of the endothelial destruction. It must act on 
the sequence of events preceding the vascular endothelial 

25 destruction, such as at P-amyloid production or binding, 
superoxide formation, etc., as discussed below. 

By dysfunction it is meant that a normal function 
of the vascular endothelium is disrupted or ceases to 
function such as altered metabolism or cellular death. 



WO9«/20736 



P€TAJS97/20039 



-16- 

The term vasoactivity includes vasoconstriction, 
vasodilation, and any other alterations in the vessel 
induced by P-amyloid peptide. 

The diseases which may be prevented according to 
5 the method of the present invention include vascular 

diseases, physiological diseases related directly to blood 
flow, or neural diseases and are not limited to chronic 
diseases such as Alzheimer's Disease, Cerebral Amyloid 
Angiopathy, Vascular Dementias, Heart Diseases and vascular 

10 dementias (transient vascular incidents) , and other more 
acute diseases to which vascular dysfunction is associated 
such as migraine headaches, arthritis, kidney disease, 
penile erection, tumor, localized pain, head injury induced 
conditions [Goldman reference] , and other acute diseases or 

15 conditions known to those skilled in the art. For example, 
the vasoconstricting function of P-amyloid peptide can be 
used to locally constrict or reduce blood flow in order to 
retain and/or increase the localized concentration of 
analgesics in order to treat localized pain. Similarly for 

20 other conditions, ^-amyloid peptides can be administered to 
alter or restrict localized blood flow to enhance the 
therapeutic effects of drugs given to treat a specific 
. condition by acting as a barrier to blood f Xow*. 
Alternatively intravenous P-amyloid administration, guided 

25 for instance by angiography, could prevent blood loss from a 
bleeding vessel.. 

P-amyloid has also been shown to sensitize blood 
vessels to vasoconstrictors both in vitro and in vivo. This 
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phenomenon can be used to enhance the effects of 
vasoconstrictors administered to a. subject. 

The term antagonizing is used in its broadest 
sense. Antagonism can include any mechanism or treatment 
5 which results in inhibition, inactivation, blocking or 

reduction in the P-amyloid peptide induced mechanism of free 
radical production which results in the endothelial 
dysfunction cunid vasoactivity or in the actual level of free 
radicals. For example, the antagonizing step can include 

10 inactivating the free radical excess induced by fl- amyloid 
peptide. For free radicals expressed in excess of the 
functional equilibrium, interventions can be established 
which inactivate the excess free radicals, such as exposure 
of the free radicals to antioxidants or free radical 

15 scavengers. Excess free radicals induced by p-amyloid 
peptide can be locally inactivated, quenched, and/or 
converted to less harmful compounds- The effect of excess 
oxygen free radicals produced within endothelial cells as a 
result of p-amyloid peptide e3q>osure can be quenched, 

20 inactivated, and/or reduced using a free radical antagonist 
to reestablish the functional equilibrium. 

Additionally, the functional equilibrium can be 
reestcJ:>lished and/or maintained by inhibiting free radicals 
synthesis [Byung Paul Yu (1994); Janssen et al. (1993)]. 

25 Vascular free radical production induced by 

P-amyloid, which results in excess over functional 
equilibrium, can also be antagonized by inhibiting either or 
both P-amyloid synthesis and p-amyloid binding to the 
affected cells, such as endothelial cells. As described 
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below, for therapeutic purposes where it is desired to 
either inhibit or prevent the effects of p-atnyloid peptide, 
the endothelial cells (vessel) would be exposed to 
antagonists to either P-amyloid production or the effects of 
5 P-amyloids such as recognized P-amyloid antagonists, 

antioxidcuits, free radical scavengers, and nitric oxide . 
compounds. Additionally, blocking of p-amyloid receptors on 
the target cells can be contemplated by the present 
invention, 

10 Furthermore, the functional equilibrium may be 

reestablished and/or maintained by correcting the root 
causes of APP overexpression or altered processing. 

Applicants acknowledge that other causes may exist 
for the diseases discussed above, however, the method of the 

15 present invention provides a therapeutic regimen which can 
be used to treat a central cause of many of these diseases 
[Olanow (1993) ; Off ermann (1994)]. 

The general cascade or mechanism for 
P-amyloid induced free radical production resulting in 

20 irreversible endothelial cell death include the general 
steps of binding of P-amyloid to the surface of an 
endothelial cell causing vessel constriction. The result of 
the p-amyloid induced vessel constriction is a lack of 
oxygen and nutrients to the tissue supplied by the vessel 

25 (endothelial cell) . The binding or interaction of P-amyloid 
with the endothelial cell induces the production of excess 
free radicals over and above the fxinctional equilibrium 
which causes the irreversible endothelial cell damage and 
finally death. Therapeutic intervention to prevent diseases 



wo 9800736 



PCrAJS!n^/20039 



-19- 



which are caused, in part, by p-amyloid can be undertaken at 
any step of the cascade as described above. 

It should be emphasized that since the effects of 
P-amyloid induced endothelial dysfunction and/or and 
5 vasoactivity are irreversible, that, in order to prevent 
diseases wherein at least one of the causes of the disease 
is P-amyloid induced free radical production, intervention 
must be undertaken as early as possible to prevent further 
endothelial damage or to prophylactically prevent the onset 

10 of endothelial damage. Clinical manifestations of diseases 
caused by P-amyloid induced free radical excess appear to 
take on the order of years to decades to surface. 
Therefore, early detection of those individuals who are 
genetically susceptible or whose free radical equilibrium is 

15 imbalanced due to excess free radical production by other 
means will be critical to initiating early and effective 
prophylactic treatment in order to prevent the irreversible 
endothelial damage which may occur years or decades later. 
Since many of these diseases have a genetic 

20 component, persons at risk and in need of prophylactic 

treatment can be identified by genetic screening as is known 
in the art for genetic aberrations such as mutations in 
p-amyloid genes (Chromosome 1, 14, 19, and 21) and other 
aberrations such as translocations of genes or chromosomes. 

25 One such marker is the 84 allele of Apolipoprotein, This 
marker has been implicated as a determinant of individuals 
who may be predisposed to Alzheimer's Disease. Because of 
the link between Alzheimer's Disease and p-amyloid, those 
individuals who test positive for the e4 allele and/or the 
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other genetic aberrations listed above or known to those 
skilled in the art would be candidates for prophylactic 
treatment as discussed above. 

Additionally, the present invention provides a 
5 method of producing a vasoactive effect by exposing a vessel 
having an intact endothelium to a P-amyloid peptide. The 
present invention utilizes for the first time a direct 
vasoactive effect of p-amyloid peptides on blood vessels. 

By vasoactive effect, it is meant that exposure of 

10 a vessel having intact endothelium will contract when 

exposed to p-amyloid peptide (or agonists) . Unless there is 
pre-treatment of the vessel, this effect has been found to 
be irreversible as discussed in detail below. This effect 
can be modified or inhibited by pre-esqposure of the vessel 

15 to cui antagonist of the cascade steps which comprise the 

mechanism of action of P-amyloid peptide on the vessel or by 
pre-treatment with a vasoconstrictor. 

The term exposing is used in its broadest sense. 
Exposure can take place in a tissue bath for a diagnostic 

20 purpose, in vivo for therapeutic purpose, or ex vivo for 
various other treatment purposes. Therefore, exposing 
denotes the addition of P-amyloid peptide (or agonist) to a 
bath containing the blood vessel, or administration in an 
appropriate carrier, such as orally, parenterally and by 

25 other means well known in the art. 

For therapeutic puiposes wherein it would be 
desirable to either inhibit or prevent the effects of 
P-amyloid peptide, as detailed below, the vessel is exposed 
to antagonists to the effects of P-amyLoids, such as 
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recognized p-amyloid antagonists, ant i- oxidants, free 
radicals scavengers, and nitric oxides compounds, well known 
in the art. A partial list of these compounds include 
antioxidants (ascorbic acid, a~ tocopherol, carotenoids, 
5 methylprednisolone, 21-aminosteroids) ; free radical 
scavengers (superoxide dismutase (SOD) , SOD-mimicking 
compounds, monoamine oxidase inhibitors) , nitric oxide 
producing compounds (nitroglycerin, sodium nitroprusside, 
glycerol trinitrate, glutamate) and other stimulants of NO 
10 synthesis . 

For example, a peptide antagonist of P-amyloid 
peptide (in a suitable vehicle) such as NADPH- dependent 
oxido-reductase is administered and dosed in accordance with 
good medical practice, taking into account the clinical 

15 condition of the individual patient, the site and method of 
administration, scheduling of administration, and other 
factors known to medical practitioners. The "effective 
amount" for purposes herein is thus determined by such 
considerations as are known in the art including, but not 

20 limited to, increased survival and improved survival rate or 
length and other indicators as are selected as appropriate 
measures by those skilled in the art* 

In the method of the present invention, the 
peptide antagoniist of p-amyloid peptide can be administered 

25 in various ways. It should be noted that the peptide 

antagonist or P-amyloid peptide can be administered as the 
compoimd or as pharmaceutically acceptaible salt and can be 
administered alone or in combination with pharmaceutically 
acceptable carriers. The conqpounds can be administered 
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orally, siibcutaneously or parenterally including 
intravenous, intraarterial, intramuscular, 
intraperitoneally, skin patches and intranasal 
administration. Implants of the compounds are also useful. 
5 The patient being treated is a warm-blooded animal and, in 
particular, mammals including man. 

When administering the peptide antagonist of 
P-amyloid peptide parenterally, the peptide antagonist of 
p-amyloid peptide will generally be formulated in a unit 

10 dosage injectable form (solution, suspension, emulsion) . The 
pharmaceutical formulations suitable for injection include 
sterile aqueous solutions or dispersions aind sterile powders 
for reconstitution into sterile injectable solutions or 
dispersions . The carrier can be a solvent or dispersing 

15 medium containing, for example, water, ethanol, polyol (for 
example, glycerol, propylene glycol, licjuid polyethylene 
glycol, and the like) , suitable mixtures thereof, and 
vegetable oils. 

Proper fluidity can be maintained, for example, by 

20 the use of a coating such as* lecithin, by the maintenance of 
the required particle size in the case of dispersion and by 
the use of surfactants. Nonaqueous vehicles such a 
cottonseeid oil, sesame oil, olive oil, soybean oil, com 
oil, s\inf lower oil, or peanut oil and esters, such as 

25 isopropyl myristate, may also be used as solvent systems for 
compound compositions. Additionally, various additives which 
enhance the stability, sterility, and isotonicity of the 
compositions, including antimicrobial preservatives, 
antioxidants, chelating agents, and buffers, can be added. 
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Prevention of the action of microorganisms can be ensured by 
various antibacterial and antifungal agents, for example, 
parabens, chlorobutanol , phenol, sorbic acid, and the like. 
In many cases, it will be desirable to include isotonic 
5 agents, for example, sugars, sodium chloride, and the like. 
Prolonged absorption of the injectable pharmaceutical form 
can be brought about by the use of agents delaying 
absorption, for example, aluminum monostearate and gelatin. 
According to the present invention, however, any vehicle, 

10 diluent, or additive used would have to be compatible with 
the compounds. 

Sterile injectable solutions can be prepared by 
incorporating the compounds utilized in practicing the 
present invention in the required amount of the appropriate 

15 solvent with various of the other ingredients, as desired. 

A phazmacological formulation of the peptide 
antagonist of P-amyloid peptide can be administered to the 
patient in an injectable formulation containing any 
compatible carrier, such as various vehicle, adjuvants, 

20 additives, and diluents; or the compotinds utilized in the 
present invention can be administered parent erally to the 
patient in the form of slow-release subcutaneous implants or 
targeted delivery systems such as polymer matrices, 
liposomes, and microspheres. An implant suitable for use in 

25 the present invention can take the form of a pellet which 
slowly dissolves after being implanted or a biocompatible 
delivery module well known to those skilled in the art. 
Such well known dosage forms and modules are designed such 
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that the active ingredients are slowly released over a 

period of several days to several weeks. 

Examples of well-known implants and modules useful 

in the present invention include: U.S. Patent No. 4,487,603, 
5 which discloses an implantable micro- infusion pump for 

dispensing medication at a controlled rate; U.S. Patent No. 

4,486,194, which discloses a therapeutic device for 

administering medicants through the skin; U.S. Patent No. 

4,447,233, which discloses a medication infusion pump for 
10 delivering medication at a precise infusion rate; U.S. 

Patent No. 4,447,224, which discloses a variable flow 

implantable infusion apparatus for continuous drug delivery; 

U.S. Patent No. 4,439,196, which discloses an osmotic drug 

delivery system having multi-chamber compartments; and U.S. 
15 Patent No. 4,475,196, which discloses an osmotic dirug 

delivery system. These patents are incorporated herein by 

reference. Many other such implants, delivery systems, and 

modules are well known to those skilled in the art. 

A pharmacological formulation of the peptide 
20 antagonist of the P-amyloid peptide utilized in the present 

invention can be administered orally to the patient. 

Conventional methods such as administering the compounds in 
. tablets, suspensions, solutions,, emulsions, capsules, 

powders, syrups and the like are usable. Known techniques 
25 which deliver the peptide antagonist orally or intravenously 

and retain the biological activity are preferred. 

For delivery within the CNS, pharmacological 

formulations that cross the blood-brain barrier can be 

administered. [Betz et al., 1994; Brem et al., 1993] Such 
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formulations can take advantage of methods now available to 
produce chimeric peptides in which the present invention is 
coupled to a brain transport vector allowing transportation 
across the barrier. [Pardridge, et al., 1992,; Pardridge, 
5 1992; Pardridge, et al-, 1993] 

In one embodiment, the peptide antagonist of 
P -amyloid peptide can be administered initially by 
intravenous injection to bring blood levels to a suitable 
level . The patient ' s blood levels are then maintained by an 

10 oral dosage form, although other forms of administration, 
dependent upon the patient ' s condition and as indicated 
above, can be used. The quantity of peptide antagonist to 
be administered will vary for the patient being treated and 
will vary from about 100 ng/kg of body weight to 100 mg/kg 

15 of body weight per day and preferably will be from 10 ng/kg 
to 10 mg/kg per day. 

As demonstrated by the experiments below, 
p-amyloid, which has already been implicated as a key factor 
in the pathophysiology of Alzheimer's disease, has a direct 

20 vasoactive effect on blood vessels. This effect is produced 
in nanomolar concentrations, much lower in concentrations 
used in previous studies showing effects such as calcium 
homeostasis [Mattson et al,, 1993], but similar to those 
showing toxicity [Ysuikner et al., 1990] or induction of 

25 potassium channels. Accordingly, in concentrations lower 
than between lOfiM and SO^M, vasoconstriction is shown as a 
direct result of P-amyloid exposure, these levels being 
similar to those which produce toxic effects. Hence, there 
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is no issue that the vasoconstrictive effects are shown at 
the same levels which also show cellular toxicity. 

As shown in the experimental data below, the 
vasoactive effect is demonstrated in less than five minutes. 
5 In contrast, in reports of neurotrophic and toxic effects 
[Yankner et al., 1990] of p-amyloid, incubation periods of 
two to four days were required to demonstrate an effect. 
Finally, the effects of P-amyloid are shown herein on intact 
tissue with intact permeability barriers and cell to cell 

10 interaction. Hence, there is no issue as to whether or not 
the present invention can be applied at a tissue level. 

In vivo models of diseases caused at least in part 
by P -amyloid induced free radical production in excess of 
functional equilibrium and neurodegenerative disease in 

15 animals predisposed to neurodegeneration can be produced 

according to the present invention as in transgenic animals 
or cell lines with mutations in genes for dealing with free 
radicals, such as superoxide dismutase mutations, mutations 
in P-amyloid genes, or other mutations such as Apo E 

20 mutations, and SOD mutations. Animal models can be produced 
by intravascular administration of • p-amyloid, as described 
herein, or by production of transgenic animals, such as 
mice, by methods known in the art. Cell models can be 
produced by transfection or by other methods Icnown in the 

25 art. These models can be used for drug screening purposes 
in the search and development of treatments for the diseases 
or conditions caused by these mutations. 

The present invention provides for transgenic gene 
and polymorphic gene animal and cellular (cell lines) models 
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as well as for knockout models. These models are 
constructed using standard methods known in the art and as 
set forth in United States Patents 5,387,742, 5,360,735, 
5,347,075, 5,298,422, 5,288,846, 5,221,778, 5,175,385, 
5 5,175,384, 5,175,383, 4,736,866 as well as Burke and Olson, 
(1991), Capecchi, (1989), Davies et al., (1992), Dickinson 
et al., (1993), Huxley et al., (1991), Jakobovits et al., 
(1993), Lamb et al., (1993), Rothstein, (1991), Schedl et 
al., (1993), Strauss et al., (1993). Further, patent 

10 applications WO 94/23049, WO 93/14200, WO 94/06908, 
WO 94/28123 also provide information. 

The data generated and set forth below 
demonstrates that the action of p-amyloid is mediated 
through the dysfunction and/or destruction of the vascular 

15 endothelium of the vessels. Pharmacologically, P-amyloid is 
shown to be an effective antagonist of acetylcholine induced 
relaxation of blood vessels. Washing the blood vessels did 
not remove the effect of P-amyloid indicating that 
constituents of the endothelium' were permamently altered by 

20 the P-amyloid. 

Applicants herein show by experimental data set 
forth below, that Ap peptides are highly toxic to human 
aortic endothelial cells but that some peptides, noteibly the 
longer APi.42 fragment, is highly toxic to these cells whereas 

25 the aPi.40 fragment is almost harmless to endothelial cells. 
This is of interest as all of the genetic mutations that 
have been discovered in the P-APP gene cause a shift in 
production AP1.40 fragment to the fragement. Applicants 

herein provide data supporting that the Api.42 fragment is 



wo 98/20736 



PCT/US97y20039 



-28- 

pathogenic in Alzheimer's Disease partly because it damages 
the vacular endothelial cells. Applicants are able to block 
some of the toxicity of the AP peptides by treating the 
cells with a calcium channel antagonist, verapamil, and to 
5 some extent by the pre treatment with SOD. This finding 

supports the conclusion that the mechanism of cell toxicity 
by AP is partly mediated by free radicals, as suggested 
above also that raised intercellular calcium levels is part 
of the pathway or is an alternative route leading to cell 

10 death. Also, toxicity of aP fragments to another cultured 
cellular component of blood vessels, namely vascular smooth 
muscle cells is also shown. 

Appliccuits further demonstrate below and extend 
the above observations of enhancement of vasoconstriction by 

15 a known vasoconstrictor to another system, the naturally 

occurring vasoconstrictor endothelin. This system, was used 
to generate further additional data about the mechanism of 
AP enhancement of vasoactivity. In this system, SOD does 
not block the enhancement thereby demonstrating that the 

20 effect is not mediated completely by free radicals. AP 
enJiance vasoconstriction even the absence of endothelial 
cells, thereby showing it has a direct action on smooth 
muscles cells. 

Also demonstrated below is the highly aggregating 

25 peptide AP25.35 has little or no effect on the enhoincement of 
vasoconstriction whereas the commonly occurring APi.40 does 
have a significant effect. APi.40 had a greater effect than 
the APi.42. Collectively, this data suggest that aggregation 
of AP peptides are not a prerequisite for enhancement for 
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vasoactivity induced by the peptides- This is in direct 
contrast to what is observed and cultured cell experiments. 
Hence, stopping aggregation of AP peptide during therapy 
would not be useful strategy to block the enhancement of 
5 vasoac t i vi ty . 

In vivo data set forth below shows the results of 
peripherally infused Ap peptides into rats. In the 
experiments, the animals were infused twice daily for two 
weeks for an estimated final molarity of 0^5 nM. In the 

10 experiments, AP1.40 was used. The aP infused animals 

developed gross lung pathology ♦ The lung capillary beds 
were the first to be reached by the venously infused 7^. In 
particular, large hemorrhages were shown, as seen in Figures 
25 and 26. This is consistent with the conclusion that in 

15 Alzheimer's Disease, the cerebral vasculature could 

potentially be damaged and destroyed by circulating or 
locally produced Ap. Moreover, two other observations set 
forth below were the conclusion that in animals so infused, 
there is a reactive gliosis in and around the 

20 cerebrovasculature and in a different set of eaqperiments , 
visual inspection and measurement of the diameter of the 
basilar artery in living animals confirms that the infusion 
of aP results in constriction of this artery. The reactive 
gliosis is suggested by the increased levels of glial 

25 fibrillary acidic protein in sections of animals chronically 
infused . 

The above data provides the results for the 
conclusions that there is dramatically different effect on 
aP toxicity to endothelial cells depending upon the fragment 
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length. The fact that both Api.40 and ^1-42 ^ire vasoactive 
but only 1^x^42 is toxic to endothelial cells suggest therapy 
should be directed towards the former rather than the 
latter. Calcium channel blocking with protection against AP 
5 induced endothelial cell death is also shown. Thus, 

therapeutic approaches relating to calcium channel blocking 
are strongly supported. 

aP peptides also enhance vasoconstriction of the 
naturally occurring endothelins supporting the conclusion 

10 that enhancement of vasoconstriction is a generalizable 

characteristic of Ap. Mechanisms other than those mediated 
by free radicals are also active based on the data that 
enhcuricement of the vasoconstriction occurs in the system and 
cannot be blocked fully by the antioxidant SOD. 

15 The data further support the conclusion that 

enhancement of vasoconstriction occurs in the absence of 
endothelium, albeit to a lesser extent. Again, this 
supports the conclusion that mechanisms other than free 
radical production mediate enhancement . This is confirmed 

20 by the data that shows that SOD does not block the 

enhancement of vasoconstriction by Ap. The mechanism of 
enhancement of vasoconstriction directly involves the muscle 
cells rather then endothelial cells. It is therefore likely 
that both smooth muscles and endothelial cells mediate 

25 vasoconstriction. Accordingly, the present data can forward 
the therapeutic method of preventing vasoconstriction by 
prevention of interaction between AP peptides and smooth 
muscle cells of the cerebrovaculature . Such treatment, the 
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steps of which ciire dBScirxbsd abovs, has a psrofound effects on 
Alzheimer's Disease therapy. 

Finally, provided herein is direct data supporting 
the conclusion that vasoconstriction of exposed vasolary 
5 artery in rats after intravascular administration of AP 
peptides can be accomplished. Further, cerebrovascular 
degeneration can be caused by intravascular infusion of Ap 
supported by the aforementioned data showing in increase in 
gliof ibrillary acidic protein, a marker of vascular 

10 inflammation and activation of astrocytes. Intravascular 
infusion caused gross hemorrhage in rats so infused thereby 
supporting the conclusion that a method can be performed for 
producing vascular degeneration along vascular or other 
vascular systems by the infusion of AjJ peptides 

15 intravenously or intra-arterialary . Thus, a significantly 
sensitive and useful model can be generated for both testing 
through drugs used for Alzheimer's Disease as well as for 
other diseases related to vascular degeneration similarly 
caused . 

20 The following experiments further demonstrate the 

mechanism of action of P^amyloid on vasoactivity as well as 
provide a basis for the utility of the present invention. 
The data shows 1) the causal link between P- amyloid, 
vasoconstriction, superoxide products, and endothelial cell 

25 damage, as well as; 2) the causal link between p-amyloid and 
the resultant vascular disease caused thereby; 3) the causal 
link between p-amyloid and further neurological disorders; 
and 4) therapeutic means of breaking or antagonizing the 
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aforementioned causal links providing a basis for 
prophylactic treatment. 

SERIES I EXPERIMENTS 

5 

METHODS 

Preparatipn of blood veggels: 

Freshly excised rat and porcine blood vessels were 

10 placed in Kreb's bicarbonate buffer equilibrated with 5% COj 
in Oj. The buffer composition consisted of 118.2 mM NaCl, 
4.7 mM KCl, 1 . 2mM MgS04, 2 . 5mM CaClj, 1.2mM NaH2P04, 23mM 
NaHCOj and 11.2mM glucose. After cleaning the vessels free 
of fat and other adhering tissues, the vessels were cut into 

15 ring segments of approximately 3mm in length. Care was 
taken not to damagfe the intimal surface. 

The endothelium was removed from some preparations 
by rubbing the inside of the lumen with a metal spatula for 
six to ten seconds and subsequent rinsing with buffer. The 

20 removal of endothelium was confirmed by testing for 

relaxation to acetylcholine [Furchgott and Zawadzki, 1980] . 

Measurement of vascular response; 

The blood vessel preparations were mounted on 
25 stainless steel hooks attached to a force-displacement 
transducer and equilibrated under the optimum tension of 
1.3 g for a period of sixty minutes in a tissue bath (10ml) 
containing oxygenated (5% CO2 in O2) Kreb's buffer at 37**C. 
The buffer was changed every fifteen minutes. After 
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equilibration for sixty minutes the viability of the blood 
vessel with intact endothelium was established by 
constricting the blood vessel using phenylephrine (ImM) . 
This dose of phenylephrine elicited 80% of the maximum 
5 response. Subsecjuent addition of acetylcholine demonstrated 
the characteristic relaxation of blood vessel. The vessel 
preparations were washed for fifteen minutes before various 
manipulations as described below. 

10 REgUXiTS 

The blood vessel constricted in response to 
phenylephrine with or without endothelium, as shown in 
Figures 1 and 10. Acetylcholine released nitric oxide and 
15 relaxed preconstricted vessels only when endothelium was 
present . 

P-amyloid constricted the blood vessel in a 
concent rat ion -dependent manner. The constricting effects of 
P-amyloid only occurred in the presence of endothelium as 

20 shown in Figure 2. This indicates that the action of 
P-amyloid is mediated via the endothelium. 

To investigate the possible role of superoxide 
anion in mediating the vasoconstriction elicited by 
P-amyloid, superoxide dismutase enzyme (SOD) was added (180 

25 units) to the bioassay bath thirty seconds before the 

addition of P-amyloid. Pretreatment with SOD eliminated the 
vasoconstriction produced by p-amyloid as shown in Figure 3 . 
This indicated that the vasoconstriction elicited by 
p-amyloid may be due to its. effect on superoxide formation. 
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Figure 4 shows a blood vessel preparation with 
intact endothelium. The vessel was constricted by 
phenylephrine and relaxed by acetylcholine. The washed 
tissue was then tested with smaller doses of acetylcholine 
5 cumulatively. Pretreatment with P-amyloid enhanced 

constriction and significantly reduced relaxation induced by 
the same doses of acetylcholine. Washing the above 
preparation following exposure to p-amyloid did not restore 
the acetylcholine induced relaxation indicating the system 
10 was irreversibly affected by p-amyloid treatment. 

Pretreatment with the enzyme SOD almost totally 
removed the inhibitor effect of P-amyloid as shown in 
Figure 5. 

The results show that the vasoconstriction 
15 elicited by p-amyloid is mediated by superoxide anion, which 
is known to inactivate endothelium derived relaxing factor, 
nitric oxide as shown in Figure 6. However, it is not clear 
whether there is increased superoxide production or 
decreased superoxide destruction. The fact that the effect 
20 is maintained after P-amyloid washout also- suggests that the 
relative increase is due to altered enzymatic activity. One 
possibility is illustrated in Figure 7 showing that 
P-amyloid inhibits the endothelial nitric oxide synthase 
(eNOS) thereby reducing the level of nitric oxide available 
25 to interact with superoxide. Alternatively p-amyloid may 
increase superoxide production from eNOS or alter the 
balance in rate of production of superoxide and nitric oxide 
or the redox state of the latter. Nitritic oxide produced 
in a reduced form (NO) has a high affinity for superoxide 
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and rapidly forms peroxyni trite, a powerful neurotoxic 
oxidant: NO + Oj - ONOj' as shown in Figure 8. As a 
consequence of loss of NO, smooth muscle vasodilatation is 
lost. Thus, this response is abolished by SOD and competes 
5 with ACH mediated vasodilatation which is mediated via NO 
production. 

Alternatively, P-amyloid may inhibit SOD directly 
or indirectly. One mechanism by which SOD is known to be 
permanently inactivated is via the peroxynitrite ion. This 

10 is known to react with transition metals to produce a 
nitronium-like intermediate which can nitrate tyrosine 
residues. The copper containing SOD catalyses nitronium ion 
production and undergoes tyrosine nitration and consequent 
inactivation [Beckman et al., 1993]. Other enzymes, 

15 including NOS, might be similarly nitrated by peroxynitrite . 
Nitrosylation of the NMDA redox modulatory site prevents 
calcium mediated neurotoxicity and may be one of the 
mechanisms by which p-amyloid confers neuroprotectivity 
[Lipton et al., 1993]. 

20 Alternatively, it is possible that P-amyloid 

rapidly stimulates the increased formation of the superoxide 
radical via enzymes other than eNOS in vascular endothelium. 
A number of enzymes (some of them specific to endothelium) 
are Icnown to produce superoxide as a normal product i.e., 

25 eycloxygenase, lipoxygenase, prostaglandin hydroperoxidase 
and others [Betz, 1993] including nitric oxide synthase 
itself [Pou et al., 1992]. 

The superoxide radical will have several effects 
resulting in the observed vasoconstriction. Interactions 
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occur with endothelial derived relaxing factor-nitric oxide. 
Superoxide will not readily diffuse through cell membranes 
although some cell types allow its passage via anion 
channels. If it reaches the smooth muscle cells it will 
5 cause stimulation of direct entry of calcium into smooth 

muscle cells. Several investigators have examined the effect 
of superoxide radical on intracellular calcium levels. In 
myometrial cells, calcium entry is directly facilitated by 
superoxide which opens calcium channels [Hirosumi, 1988] . 

10 Indirect release of calcium from intracellular stores occur. 
The entry of superoxide into muscle cells results in the 
. loss of intracellular protons. A rise in intracellular pH 
results in the release of intracellular calcium stores. 

In addition to the loss of NO postulated by 

15 increasing levels of superoxide, the rise in intracellular 
calcium due to the above observed actions results in 
muscular contraction. Thus, the effect of superoxide 
production is predicted to cause the vasoconstriction 
observed . 

20 The possibility that superoxide or other oxygen 

radicals serve physiological functions has been suggested by 
Rosenblum [1983], who noted reversible dilation of cerebral 
microvessels in response to oxygen free radicals . Kontos et 
al. [1984] observed that oxygen radicals mediated the 

25 cerebral arteriolar vasodilatation that occurs in response 
to arachidonic acid and bradykinin. This effect was not 
mediated by endothelium derived relaxing factor produced in 
response to bradylcinin [Rosenblum, 1987] . More recently, it 
was proposed that superoxide is a contracting factor that 
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may have direct effects on vascular smooth muscle [Katusic 
and Vanhoutte, 1989] . Both the vasodilator response 
observed by Kontos et al, [1984] and its effect observed by 
Katusis and Vanhoutee [1989] , involved arachidonic acid 
5 metabolism and led these investigators to suppose that some 
of the vasoactive properties previously attributed to 
prostaglandins might be direct effects of superoxide. 

It has also been previously suggested that 
superoxide may also modulate micro-vascular tone by 

10 controlling the level of nitric oxide. This is supported by 
the observed inactivation of nitric oxide by superoxide 
[Moncada et al., 1988; Sneddon and Vane, 1988], and the 
prolongation of the effect of nitric oxide by SOD in vivo. 
It has also been previously suggested that superoxide is 

15 produced by the endothelium to serve as a physiological 
modulator of nitric oxide activity [Halliwell, 1989] . 
Oxygen free radical -mediated reversal of acetylcholine- 
induced vasodilatation in brain is believed to occur through 
this mechanism [Wei et al., 1985; Marshall et al., 1988]. 

20 Thus, the observations made herein are consistent with the 
current data on the vasoactive properties of superoxide. 
However, the finding that superoxide is quickly generated by 
endothelium in response to p-amyloid is novel* The 
generation or decreased destruction of superoxide caused by 

25 p-amyloid may have significance in number of disorders and 
diseases, particularly those associated with peripheral and. 
central blood vessel disease and neurodegeneration as 
discussed below. 
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The relationship between P-amyloid (AP1.33.42) 
oxygen radical formation was examined in a system known to 
respond physiologically to free radical endothelium mediated 
vasoactivity [Furchgott & Zawadski, 1980] . P-amyloid 
5 constricted the blood vessel and the vessel was sensitive to 
P-amyloid in the concentration range of 0.25 - 2.0 x lO'^M 
(see Figure 10) . 

Referring to Figure 10, the arrow indicates the 
addition of 10'^ M P-amyloid. The control tissue received no 

10 P-amyloid. SOD (150 units/ml) was added thirty seconds 

prior to the addition of P-amyloid. The maximum contraction 
induced by P-amyloid was 1.14 ± 0-. 13(g) and in presence of 
SOD the contraction was reduced to 0.04 ± 0.02(g), Values 
represent the mean ± SEM of five separate experiments. 

15 The vasoactive property of P-amyloid occurred only 

in the presence of endothelium suggesting that this action 
is- mediated via the endothelium. The P-amyloid induced 
vasoactivity had the following characteristics. The blood 
vessel showed aui immediate response and vasoactivity was 

20 evident within thirty seconds. The initial detectable 

change was a minor relcixation of <0,1 g. This was fbllowed 
by a series of contractions and relaxations. There were 
. periodic bursts of contractions followed by immediate 
relaxations. This activity persisted for a period of 

25 fifteen to twenty minutes. 

To investigate the role of oxygen radicals in 
mediating the vasoactivity elicited by P-amyloid, the 
superoxide scavenging enzyme superoxide dismutase (SOD) was 
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added thirty seconds prior to the addition of P-amyloid. 
Pretreatment with SOD eliminated the vasoactivity induced by 
P-amyloid, suggesting that the vasoactive action of 
(J-amyloid involves the formation of superoxide radicals. 
5 When SOD was added after incubation with P-amyloid, the 
vasoactivity was not abolished. Washing the tissue and 
removing the SOD without further addition of P-amyloid 
produced changes characteristic of endothelial dysfunction 
enhanced vasoconstriction and diminished vasojdilat ion. Thus 

10 there was a continuous requirement for SOD to prevent the 
effects of P-amyloid. To ensure continued availability of 
SOD it was necessary to include SOD in the buffer used to 
rinse the tissue in the SOD treated preparation. 

Pretreatment with P-amyloid significantly reduced 

15 relaxation induced by the vasodilator acetylcholine as shown 
in Figures 11a and lib. 

As shown in Figure 11, the aorta was 
preconstricted with lO'^M PE and relaxed with increasing 
doses of acetylcholine as shown by the arrows. (1= lO'^M, 

20 2= lO'V, 3 = 5 X lO'^M, 4=10"''m, 5=5 X 10"''m, 6= 10"'^M, 
7= lO'^M, 8= 5 X lO^^M, the curve denoted by (C) is the 
control curve and +AP indicates the curve for P- amyloid 
treated aorta . ) . 

Figure 11 is a graph showing percent relcucation of 

25 a blood vessel versus treatment of the blood vessel with 
acetylcholine; As shown in Figure lib, the aorta was 
preconstricted submaximally with lO'^M phenylephrine. Figure 
11 illustrates the relaxation by acetylcholine under control 
conditions . and following fifteen minute incubation with lO'^M 
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(J-amyloid protein. The acetylcholine relaxation curve is 
shifted to the right but maintains its sigmoidal form 
indicating attenuation of acetylcholine induced relaxation. 
Values represent the mean ± SEM of 5 or more experiments. 
5 The cumulative percentage relaxation is significantly 
lowered by P-amyloid protein at all points past 10"®M 
acetylcholine. At higher doses of acetylcholine greater 
percentage changes in relaxation occur preserving the 
sigmoidal response. Pre- treatment with SOD (150 units/ml) 
.10 antagonized the effect of p-amyloid on acetylcholine induced 
relaxation. 

Washing the tissue following P-amyloid treatment 
did not restore the acetylcholine -induced relaxation to 
control levels indicating that p-amyloid had altered 

15 . endothelial function* The acetylcholine resistant 

relaxation was overcome by the nitric oxide (NO) donor 
sodium nitroprusside (data not shown) . Addition of SOD 
slightly potentiated the relaxation response to 
acetylcholine and at the same . time antagonized the effect of 

20 P-amyloid. 

Figures 12a- c show the enhancement of contraction 
induced by the vasoconstrictor phenylephrine (PE) following 
p-amyloid treatment. 

As shown in Figure 12a, control contraction with 
25 increasing concentrations of phenylephrine (2, 4; 8, and 
IGxiO'^M) is shown by trace C. The procedure was then 
repeated following incubation of the tissue with lO'^M 
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P-amyloid for fifteen minutes (PI) . The tissue was then 
rinsed and contractions repeated twice following fifteen 
minute incubation {P2 & P3) without further addition of 
P-amyloid. Statistical analysis of this data is shown in 
5 Table 1 . Arrows are shown for points of addition for P3 . 
Control incubations with buffer alone showed no increase 
with repeated contractions. 

As shown in Figure 12c, the aortic rings were 
preincubated with the appropriate test compounds before the 

10 addition of lO'^M P-amyloid. Following a fifteen minute 
incubation, the preparations were contracted with lO'^M 
phenylephrine (PE) as described earlier. Control 
contractions with PE alone were carried out in presence of 
the various test compounds. Values represent the mean ± SEM 

15 of four or more experiments. The heat -inactivated SOD was 
prepared by placing it in boiling water for thirty minutes 
followed by cooling prior to use. The hydrogen peroxide - 
inactivated SOD was prepared by exposing SOD to 10 mM H2O2 
for thirty minutes at pH 8.5 and siibsequent separation using 

20 Microcon filtration system. The amyloid induced PE 

contraction was blocked by active SOD. Neither albumin or 
inactivated SOD had any effect on the amyloid activity. 

Pretreatment with the enzyme SOD almost totally 
removed the enhancement of contraction by P-amyloid. 

25 Washing the tissue following treatment with P-amyloid and 
subsequent contraction with PE showed further increase 
indicating enhanced damage to the endothelium (see Table 1) . 

The effect of preinciabation of blood vessel with 
lO'^M P-amyloid on contraction induced. by phenylephrine 
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(2,4,8, & 16X10'*M is shovm in Table 1). The maximum 
contraction in the absence of p-amyloid is taken as 100% and 
the values obtained following exposure to P- amyloid are 
expressed as percent of control value. After washing out 
phenylephrine and acetylcholine of the control contraction, 
p-amyloid augmented the phenylephrine induced contractions 
(PI) . This effect was blocked by SOD. Washing out the 
phenylephrine and acetylcholine of the post peptide 
contraction and repeating the contractions caused further 
enhancement (P2) . Values represent the mean ± SEM of nine 
or more experiments. The difference between control and PI 
was significant for increasing doses of PE (p=NS, <0.005, 
<0/005, <0-001 respectively) and differences between 
P-amyloid treated and SOD plus p-amyloid treated were also 
significantly different with increasing doses of PE (p= NS, 
<0.005, <0.005, <0.001 respectively) indicating reduction of 
P-amyloid enhancement by SOD. 

Figure 12c shows that heat inactivated SOD, HjOj 
inactivated SOD and the control protein albumin did not 
protect the blood vessel against the effects of P-amyloid, 
suggesting that the protective effects were not due to non- 
specific binding of p-amyloid by SOD. 

Removing the SOD by rinsing restored the 
endothelial dysfunction in tissue pretreated with P-amyloid. 
This observation also argues against protection by SOD due 
to binding of p-amyloid, as both would be washed out during 
rinsing- Proteolytic destruction of P-amyloid by 
contaminants in the SOD preparation was excluded by the 
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trace amounts (0.00014%) of protease (preparation from 
Alexis Corporation, San Diego, California) in the SOD. 

In order to elucidate the mechanism underlying 
these endothelial changes, various compounds known to affect 
5 the activity of oxygen radicals were examined. Under the 
conditions used, none of the compounds used (L-NMMA> 
indomethacin, SQ29548, or catalase) had any significant 
effect on the enhancement response as shown in Figure 13 • 
As shown in Figure 13, blood vessel rings were 

10 initially contracted with PE (4x 10*®M) . The tissue was then 
incubated for fifteen minutes with P-amyloid (5X10~^M) with 
or without the drug, followed by contractions with PE. The 
concentrations compounds used were; L-NMMA, an inhibitor of 
NO synthase (lO'^M) ; indomethacin, an inhibitor of the 

15 cyclooxygenase pathway (lO'^M) ; SQ 29548, a thromboxane Aj 
receptor antagonist (10"^) ; and catalase (1000 units/ml) . 
Values are represented as percentage of the maximal 
contraction obtained with P-amyloid and PE alone and 
standardized to remove the intrinsic effects (if any) of 

20 each drug on PE contraction alone . The results represent 
the mean ± SEM of five or more experiments. None of the 
compounds exerted any significant effect on the P-amyloid 
injdiiced enhancement of PE mediated contraction. 

Electron microscopic examination of the blood 

25 vessel ring treated under the same conditions (Figures 

14A-F) showed endothelial damage after p-amyloid treatment 
which was prevented by pretreatment with SOD. 

As shown in Figures 14A-F, blood vessel rings were 
incubated as previously described at 37^C fpr thirty minutes 
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either alone, or in presence of P-amyloid (lO'^M) , or SOD 
(150 units/ml) and p-amyloid. The tissue samples were kept 
in glutaraldehyde solution at 4°C until processed and then 
rinsed with cacodylate buffer. The tissues were postfixed 
5 with 1% buffered osmium tetroxide, dehydrated with graded 
ethanol solutions, and embedded in a mixture of epon- 
araldite. Ultrathin sections were stained with uranyl 
acetate and lead citrate and viewed on model 7000 Hitachi 
trcuismission electron microscope. The inset bar indicates 

10 one micron. The experiment was repeated three or more times 
with blood vessels from different animals. 

Incubation with P-amyloid induced significant 
damage to the endothelial cells with visible changes in the 
cell membrane, cytoplasm, nucleus and other organelles. 

15 Incubation periods of fifteen minutes and P-amyloid 
concentrations of >5xio'^M were required to induce the 
morphological changes observed here. The endothelial damage 
induced by lower doses of amyloid also were blocked by 
pretreatment with SOD (150 units/ml) . The morphological 

20 changes are indicative of a necrotic process induced by 
P-amyloid. 

The effects of P-amyloid peptide were examined on 
samples of rat coronary arteries prepared as described 
above. Referring specifically to Figure i, rat coronary 
25 arteries were treated with P-amyloid peptide (aP^q) causing 
constriction of the coronary arteries. The vasoconstrictor 
thromboxane (U46619, lO'^M also caused constriction of the 
blood vessel. Following treatment with the thromboxane Ag, 
the tissue was then rinsed, equilibrated with buffer, and 
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treated with lO'^MAp for a period of fifteen minutes. The aP 
induced a small but detectable contraction in the rat 
coronary artery. The vasoconstriction induced by U46619 was 
significantly potentiated following treatment with Ap. 
5 A real time recording of rat coronary artery 

vasoactivity which was induced by p-amyloid peptides is 
shown in Figure 2. The traces show the effect of 10"^M 
p-amyloid (A = Ap^.^o B = AP25.35 C = APi.28. All of the 
fragments (A, B, C, induce constriction of the coronary 

10 artery. The AP^q produce the longest sustained constriction. 
Following the constriction, there was a detectable 
relaxation of the coronary arteries. 

Figure 3 illustrates the effect of various amyloid 
fragments on the constriction of rat coronary arteries, 

15 Following control constriction with lO'^M U46619, the tissue 
samples were rinsed, ecjuilibrated with buffer, and treated 
with lO'^M AP peptides for fifteen minutes. Following 
treatment with the AP peptides, the blood vessels were 
rinsed and again exposed to U46619. The values are 

20 expressed as percent of control constriction produced by 
U46619 alone. 

The effect of increasing concentrations of amyloid 
P (AP40) on rat coronary artery constriction induced by lO'^M 
U46619 is shown in Figure 18. The blood vessel was treated 

25 with lO'^M to lO'^M concentrations of AP40 for a period of 
fifteen minutes. The tissue was then rinsed and treated 
with U46619. Values are expressed as the increase in 
constriction relative to basal constriction with U46619 
alone . 
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The action of the oxygen radical scavenging enzyme 
superoxide dismutase (SOD) on lO'^M Ap4o induced constriction 
of coronary arteries is shown in Figure 19. 
SOD (150 units/ml) was added thirty seconds prior to the 
5 addition of Ap. The last bar of the graph indicates the 
effect of rinsing the tissue to remove the SOD. 

The effect of pretreatment of coronary arteries 
with a single dose (10"S4) of AP40 on acetylcholine induced 
relaxation is shown in Figure 20. The blood vessel was 

10 preconstricted with lO'^M U46619 and relaxed with increasing 
doses of acetylcholine (lO'^M to lO'^M) . As shown in Figure 
20, p-amyloid significantly reduced the vasodilation induced 
by acetylcholine. 

The physiological effects of p-amyloid treatment 

15 on the coronary artery with and without pretreatment with 
SOD is shown in Figure 7A-C. Figure 7A-C are electron 
micrographs showing the endothelial cell layer in rat 
coronary artery. Blood vessel rings were incubated as 
previously described at 37°C for thirty minutes either alone, 

20 or in the presence of P-amyloid (10"^M) or SOD (150 units/ml) 
and P-arayloid. The tissue samples were kept in 
glutaraldehyde solution at 4°C until processed and then 
rinsed with cacodylate buffer. The tissues were post-fixed 
with 1% buffered osmium tetroxide, dehydrated with grated 

25 ethanol solutions, and embedded in a mixture of epon- 
araldite. Ultra thin sections were stained with uranyl 
acetate and lead citrate and viewed on a model 7,000 Hitachi 
transmission electron microscope. The inset bar indicates 
two microns. The e3q>eriment was repeated three or more 
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times with blood vessels from different animals. Figure 7A 
is a control coronary artery and depicts normal endothelial 
cells closely adhering to the intiraal elastic lamina lining 
of the lumen. Figure 7B depicts a rat coronary artery 
5 treated with p-amyloid for thirty minutes at 10"^M. 

Derangement of the endothelial layer, condensed nucleus, 
separation from the intimal elastic lamina, and areas of 
denuded internal elastic lamina are evident following 
treatment with P-amyloid. Figure 7C depicts a rat coronary 

10 artery pretreated with SOD (150 units/ml, for thirty seconds 
prior to the addition of P-amyloid) • Intact endothelial 
cells are present having normal appearance and close 
adherence to the intimal elastic lamina . 

Figure 15-21 illustrate the effects of p-amyloid 

15 alone or in combination with other agents on coronary artery 
tissue- These results are consistent with the results 
described above. 

Experiments were also carried out to examine the 
effect of amyloid peptide on vascular tone and endothelial 

20 dysfunction in porcine coronary arteries. . These experiments 
were carried out in order to show that the present invention 
elicits the same responses in animal tissue (porcine) which 
is very similar to human vascular systems. 

The mechanism of action for diseaseis induced, at 

25 least in part, by p-amyloid induced free radical production 
resulting in endothelial destruction and vasoconstriction, 
can take any where from years to decades to manifest. The 
utility of the present invention in humans would therefore 
be difficult, if not impossible, to accumulate for the 
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purposes of a patent as it would recjuire testing over a 
extremely long period of time (as much as twenty-five years) 
using very low dosages of P-amyloid. For precisely this 
reason, the porcine model was utilized due to its 
5 similarities with the human vascular system- In the porcine 
experiments described below, larger doses of P-amyloid were 
administered over shorter periods of time in order to elicit 
and demonstrate the P-amyloid induced effects. 

Freshly isolated porcine coronary arteries were 

10 studied by the methods described above for rat aorta. 

Referring to Figure 22, adding increasing concentrations of 
amyloid peptide caused a dose dependent contraction of the 
porcine coronary artery samples. As shown in Figure 22, at 
higher concentrations of amyloid peptide, there was a 

15 significant increase in activity. 

The effect of pre-treatment with a single dose of 
amyloid protein on relaxation induced by increasing 
concentrations of the vasodilator bradykinin is shown in 
Figure 23. Porcine aorta was preconstricted with a single 

20 dose of the vasoconstrictor U46619. Treatment of the aorta 
with amyloid peptide induced a significant increase in 
vasoconstriction and reduced the vasodilation caused by the 
bradykinin. 

The results of the experiments illustrated in 
25 Figures 22 and 23 confirm the data set forth above for rat 
arterial tissue. 

Amyloid P -peptides are central to the 
neuropathology of Alzheimer's disease (AD) [Glenner & Wong, 
i984] but their precise role in the disea^se process remains 



wo 9800736 



PCT/US97/20039 



-49- 

in dispute. The neurotoxic properties of P-amyloid have 
been extensively investigated. Some researchers have 
detected neurotoxic effects while others failed to note such 
changes [Price, et al, 1992]. (i-amyloid is also deposited 
in cerebral blood vessels in AD [Zeit, 1938] and 
abnormalities in microvasculature have been shown to precede 
other neuropathological features of AD [Buee, et al., 1994]. 

Expression of one or more copies of the e4 allele 
of the apolipoprotein E gene confers increased risk for 
vascular degenerative disease [Davignon, et al., 1988] and 
also increases the risk for early expression of AD, although 
no vascular mechanisms have been identified which might 
explain the increased risk for AD. Bearing this in mind, 
those individuals expressing one or more copies of the e4 
allele of the apolipoprotein E may benefit from early 
intervention and treatment with antagonists of p-amyloid 
induced free radical excess production for example, 
superoxide anion modifiers, such as SOD. 

The cytotoxic effects of oxygen radicals have been 
invoked as a major contributor to the pathology of 
neurodegenerative diseases such as AD. Much evidence points 
to the CNS microvasculature as the major target of free 
radical reactions, and the principal mediator of this damage 
is probably the superoxide radical [Kukreja, et al., 1986]. 
The endothelial dysfunction produced by P-amyloid seems to 
be initiated by the production of superoxide radicals. The 
superoxide radical can interact with NO to produce toxic 
peroxynitrite in a rapid reaction with a rate constant of 
S-VxioVs'"^ [Huie & Padmaja, 1993]. This can lead to lipid 
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peroxidation and account for the functional and morphologic 
damage to the endothelium. A damaged endothelium will 
exhibit enhanced vasoconstriction and diminished 
vasodilation due to impaired production of endothelium- 
5 derived relaxing factor (EDRF) . 

The P-amyloid mediated endothelial damage occurs 
at much lower concentrations than that used in previous 
studies (lO-BOjiM) showing effects like alteration of Ca^ 
homeostasis or indirect toxicity [Mattson, et al,, 1993], 

10 but similar to those showing direct trophic or toxic 

responses [Yankner, et al., 1990] or inhibition of potassium 
channels [Etcheberrigaray, et al., 1994], However, in 
reports of neurotrophic and toxic effects of P-amyloid, 
incubation periods of two- four days using preaggregated 

15 P-amyloid are often required to demonstrate an effect. In 
the present study, the action of P-amyloid was demonstrated 
in less than one minute without the need for pre- 
aggregation, suggesting a novel and possibly physiologically 
relevant effect. In addition the biological response was 

20 demonstrated in intact tissue with viable permeaibility 
barrier and cell to cell interaction. 

A number of endothelial enzymes (xanthine oxidase, 
lipooxygenase, prostaglandin hydroperoxidase [Furchgott, et 
al., 1992], nitric oxide synthase [Pou, et al., 1992]), and 

25 NADPH dependent oxido- reductase are known to produce 

superoxide radicals. The current study provides no evidence 
as to the precise pathways involved in the production of 
superoxide by P-amyloid. Even though the action of p- 
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amyloid delineated herein on a peripheral blood vessel, such 
an effect on brain vasculature is likely. 

Vasogenic brain edema is the most common brain 
edema following brain ischemia and injury. Characteristic 
5 features of this edema are increased permeability of brain 
capillary endothelial cells to macromolecules, increased 
extracellular space and brain fluid content. Although the 
underlying causes of vasogenic edema are unknown, the 
central feature of this condition is alterations in the 

10 structural and functional integrity of brain endothelial 

cells [Acta Neurochirurgica, 1993, 57:64-72; Brain and nerve 
1994, 46:1155-61]. Applicant's assert that P-amyloid 
induced oxygen radicals, particularly superoxide radicals 
are involved in the perturbation of the structural and 

15 functional integrity of the endothelial cells. Applicants 
further assert that P-amyloid antagonists, compounds that 
decrease the production of p-amyloid, oxygen radical 
scavengers including SOD mimicking compounds and 
antioxidants will be effective in the treatment of brain 

20 edema by protecting the integrity of the endothelial cells. 

Effect of P-amvloid on Bovine Cerebral Artery, 

Freshly dissected bovine mid cerebral arteries 
were cut into 3mm rings and studied in tissue chamber as 
25 described earlier. Contraction of the blood vessel to the 
vasoconstrictor U46619 was studied before and after 
treatment with l^M P-amyloid for 15 minutes. The 
contraction induced by the vasoconstrictor was significantly 
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increased by amyloid. The vasodilatory effect of bradykinin 
was markedly reduced by P-amyloid. (See Figure 24). 

If brain or platelet derived p-amyloid were to 
come into contact with the endothelium, the free radical 
5 production could induce local damage and reduce local blood 
flow, further increasing oxidative stress and upregulating 
neuronal (i-amyloid production [Tomimoto, et al., 1994]. 
Other factors which effect the local oxidative stress on 
cerebral vasculature would influence this process. 

10 Endothelial damage is currently recognized as an 

early event in the development of vascular disease 
[Gimbrone, et al., 1995] . The p-amyloid mediated free 
radical production and subsequent endothelial damage may 
have relevance in head injury and cerebrovascular disease 

15 and may play a central role in the Alzheimer disease 
process . 

These findings show a physiologic role for 
P-amyloid. The physiologic roles play a first step in the 
development of diagnostic and therapeutic protocols outlined 
20 below. 

P-amyloid may have a normal physiologic role in 
mediating vasoactivity. This may be particularly relevant 
under certain situations such as conditions of tissue 
damage, There is some evidence suggesting that parts of the 
25 p-amyloid precursor protein molecule are involved in the 

acute phase response, and that P-amyloid has a role to play 
in the activation of other acute phase reactants. The 
generation of superoxide is likely to have a plethora of 
secondary effects; some of these effects mediated via their 
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effects on nitric oxide (NO) and others mediated via other 
systems. P-amyloid may serve to regulate the role of nitric 
oxide, again perhaps this may be important during the 
inflammatory response or other conditions of tissue damage. 
5 Although NO acts as a physiologic messenger in normal 
circumstances it can also be toxic. Regulation of the 
levels of this messenger would be essential for cell 
longevity and may be attained by a number of mechanisms. 
Neurons are particularly prone to generate NO, having high 

10 levels of NOS. There may be other circumstances in which 
the regulation of NO activity might be particularly 
important. One mechanism which is essentially dependent on 
NO production is the long term excitation of neurons in the 
process of memory. 

15 The hippocampal formation has long been implicated 

as integral in the formation of memories and in the process 
of learning. Long Term Potentiation (LTP, Figure 9) is the 
mechanism by which a neuron "remembers" that it has received 
synaptic contact before Eind it may also be the mechanism by 

20 which memory is maintained. 

The data herein suggests that one of the 
physiologic roles of P-amyloid is to protect against an 
excitotoxic cascade which is a result of increasing 
intrcicellular calcium levels, but stimulated by NO positive 

25 feedback. Production of p-amyloid at. synaptic terminal is 
enhanced as these are the sites of neuronal plasticity in 
which it has been suggested p-APP plays a significant role. 
Certainly PAPP is known to be particularly abundant at the 
neuronal synapse.. This would make it ideally positioned to 
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regulate the NO message passing between adjacent cells. It 
has been recently proposed that the site of production of 
the NO associated with LTP is the endothelium rather than 
the neurons. The effects of superoxide production of 
5 endothelial cells after stimulation with p-amyloid might 
therefore have immediate effects on LTP. Continued and 
prolonged stimulation of neurons by superoxide produced in 
endothelial cells might cause permanent cell damage. 

In addition, it can be proposed that those cells 

10 where NO message was being destroyed might show up- 

regulation of NOS. In the neurodegenerative condition, 
Alzheimer's disease, it has been shown that the NOS 
expressing neurons are indeed spared suggesting the toxic 
effects of NO are being moderated. The removal of 

15 superoxide in this process will also inhibit the destmctive 
properties of this radical. Thus, p-arayloids show 
neuroprotective properties. Such properties have been 
previously noted [Hyman et al., 1992] . 

However, the findings herein suggest that 

20 p-amyloid could produce neurotoxicity by the generation of 
superoxide. In those cells where the superoxide radical 
cannot be absorbed by high levels of nitric oxide or similar 
species, the presence of superoxide may have deleterious 
effects, leading to an increase intracellular calcium levels 

25 in smooth muscle cells cuid also in endothelial cells. 

P-amyloid has been shown to cause increased intracellular 
calcium levels when applied to neurons and fibroblasts. It 
is proposed that one of the mechanisms by which this occurs 
is via free radical production. 
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The implication that P-amyloid can stimulate 
endothelium and perhaps other cells to produce superoxide 
would therefore be important in the pathogenesis of 
Alzheimer's disease. In particular, the generation of 
5 superoxide and other free radicals having deleterious 
effects contributes to Alzheimer's disease pathogenesis. 

P-amyldid has long been implicated in Alzheimer's 
disease. Deposition of p-amyloid in the brain of all cases 
of Alzheimer's disease is required for neuropathologic 

10 diagnosis although the significance of p-amyloid deposition 
has been in dispute. More recently, largely due to the 
normal occurrence of PAPP metabolites in CSF, it has been 
proposed that pAPP may have one or more physiologic roles. 
One mechanism through which P-amyloid may 

15 facilitate the pathogenesis of Alzheimer's disease involves 
the free radical/oxidative damage as the disease's primary 
pathogenic mechanism. An ever- increasing body of 
experimental evidence is establishing free radical/oxidative 
damage as a major factor in general brain aging and a 

20 determinant in Alzheimer's disease pathogenesis [Harman, 
1993] . Evidence consistent with a major role of free 
radicals and oxidative damage in the pathogenesis of 
Alzheimer's disease should be considered; First, iron 
(which catalyzes hydroxyl free radical formation) 

25 accumulates in both neurit ic plaques and neurofibrillary 

tangles. Moreover, iron levels are elevated in cognitively- 
important regions of Alzheimer's disease brains such as the 
neocortex, hippocampus, and nucleus basalis. Head injury 
with brain trauma is a )mown risk factor for Alzheimer's 
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disease, and may result in the release of free iron from 
RBC's and the formation of free radicals. Additionally, 
enhanced lipid peroxidation is present in the neocortex of 
Alzheimer's disease brains- -a finding indicative of 
5 increased free radical -induced damage to cell membranes. 

Perhaps relatedly, some studies report increased lipofuscin 
(the end product of lipid peroxidation) in various areas of 
Alzheimer's disease brains, while others report increased 
lipofuscin selectively in neurofibrillary tangle -containing 

10 neurons. In view of the fact that mitochondrial DNA is 

particularly sensitive to free radical -induced damage, it is 
noteworthy that Complex IV (cytochrome oxidase) of the 
electron transport system is reduced in the hippocampus of 
Alzheimer's disease brains. There is, therefore, reason tp 

15 postulate that a facilitatory relationship exists in 
Alzheimer's disease pathogenesis between free 
radical/oxidative damage and aP neurotoxicity- We propose 
that the mechanism of p-amyloid stimulation of superoxide 
production is the mediating link in this relationship. 

20 The exact cause underlying vasospasm in several 

clinical situations is unknown. For instance, the cause of 
the often prolonged cerebral vasospasm following head injury 
is unknown. This vasoactivity can often severely hinder 
supportive measures and may in itself be life threatening 

25 leading, as it does, to poor cerebral perfusion. 

Interestingly, one molecule which shows increased genetic 
expression and deposition in the time immediately after head 
injury is Papp, the parent molecule of Ap. Accordingly, 
increased AP release might contribute to head injured 
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vasospasm via the mechanism observed herein. Blockage of 
the P- amyloid response would have beneficial effects in this 
instance . 

5 Other Implications of the Effects of the 

Using the above-described information, a test for 
Alzheimer's disease based on peripheral blood flow 

10 measurements is disclosed. The test includes- measuring 
initial peripheral blood flow and then administering a 
vasodilator. Based on experimental data, herein, there will 
be a tendencfy toward peripheral vasoconstriction and 
therefore, a peripheral vasodilator will have less effect in 

15 Alzheimer's disease cases than in non-Alzheimer ' s disease 
Cjases. The test for Alzheimer's disease based on these 
differences is as follows. The peripheral blood flow can be 
measured and the response to acetylcholine and is 
quantitated as described by Gilligan et al. [1994] . The 

20 basal blood flow is determined three minutes following 
intra -arterial infusion of acetylcholine chloride (Sigma 
Chemical Co.) at 7.5 mg/min. to 20 mg/min. Acetylcholine is 
infused for five minutes and forearm blood flow is measured 
in the last two minutes of infusion. The vascular 

25 resistance will be greater in siibjects with Alzheimer's 

disease as compared to matched controls. The oxygen level 
in these svibjects is simultaneously monitored using a pulse 
oximeter to measure the color of the blood as an indicator 
of peripheral blood oxygen concentration. 
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Data exists showing that there is reduced 
peripheral blood flow in patients with AD, however, no 
mechanism or explanation was provided [Winblad et al. 1994] . 

It is possible that P-amyloid or smaller active 
5 peptide fragments contribute to the pathophysiology of 

Alzheimer's disease and other degenerative diseases by the 
generation of a relative excess of superoxide or via the 
vasoactive properties of P-amyloid. This direct effect on 
the blood vessel and the resulting changes in blood flow 

10 affect biological processes long before neuropathological 
changes are observed in degenerative diseases. By its 
ability to reduce effective nitric oxide levels, P-amyloid 
affects a number of important biological functions including 
long-term potentiation and memory. The superoxide radicals 

15 induced by P-amyloids interact with P-amyloid and other 
proteins to generate aggregates eventually leading to the 
plaques characteristic of Alzheimer's disease. The use of 
compounds to alter the interaction of P-amyloid with blood 
vessels are a significant advance in the treatment of 

20 degenerative diseases as discussed above. • 

The Relevance of the present disclosure to other research 

25 Applicants' findings disclosed . herein suggest 

that endothelial dysfunction may contribute directly to 
neuronal death. There is existing evidence that AD has a 
significant vascular component. Research from several 
fields: epidemiology, pathological studies (pre- and post- 
30 disease onset) , genetic findings (HCHWA-D) and the 
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examination of other known risk factors (APOE) contribute 
to this concept. Although it is clear that the generally 
accepted current understanding of AD pathology does not 
include a significant vascular component a re -examination 
5 of the current literature in these fields is warranted. 

Epidemiologic studies suggest risk factors and 
protective factors for AD, Estrogens and non-steroidal 
ant i- inflammatory agents and nicotine (smoking) have been 
suggested as protective against the disease. Estrogens are 

10 known to be protective in other arterial disease such as 
coronary artery disease and are a suggested prophylactic 
treatment of coronary vessel disease in humans. Non- 
steroidal anti- inflammatory agents are known to inhibit 
cyclo- oxygenase, a known producer of superoxide anions, 

15 which is pertinent to this application and via this and 
other mechanisms probad^ly provide non-specific anti- 
inflammatory protection to vessels. Platelet aggregation 
is suppressed by NSAls and for this reason is a preferred 
treatment for the prevention of stroke. It is feasible 

20 that the protection provided by both estrogens and NSAIs in 
vascular disease is also protective in AD. The vascular 
effects of nicotine are noteworthy as smoking has been 
reported as negatively correlated with the disease in 
several studies. Nicotinic receptors in the 

25 cerebrovascular circulation respond to nicotine by 
vasodilation . 

Several studies show that **cognition" can be 
improved by influencing risks. for vascular disease. 
Studies have shown that improvement in cognitive function 
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can occur as a result of modification of factors known to 
be risks for peripheral and cerebral vascular damage. 
Reduction of blood pressure, for instance, results in 
improvement in cognition for dementia cases. 
5 Reduced cerebral blood flow is well recognized in 

AD although it is generally believed that reduced cerebral 
blood flow is a consequence of the disease rather than a 
cause. In particular, reduced oxygen and metabolic 
requirements of degenerating neurons are thought to signal 

10 for less local oxygen supply by adjacent vessels. Cerebral 
hypoperfusion may be a contributory factor in AD as 
suggested by at least one study. Consistently, several 
studies have shown that in other conditions, and perhaps in 
AD, increasing cerebral perfusion is correlated with 

15 decreasing memory problems. One of the key questions that 
arises from this work concerns the relationship between 
blood flow and the disease process in AD. Traditional 
thinking has it that as the AD process .progresses, neuronal 
demand on nutrients including oxygen falls leading to 

20 reduced blood flow. However, at least one study shows that 
symptomatology and reduced blood flow occur simultaneously 
in AD. It is well recognized that the first signs of AD 
may be reduced cerebral metabolism as measured by PET 
scanning. The measurements of glucose and oxygen uptake in 
.25 such scans is dependent upon cerebral blood flow and, 

therefore, suggests that some of the observed decreases in 
cerebral blood flow measurements may be due to 
abnormalities in the cerebral microvasculature . 
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Peripheral blood pressure is lower in AD cases in 
several studies possibly suggesting that cerebral pressure 
may be increased or that there may be hypoperfusion as a 
result of reduced peripheral resistance. Other 
5 abnormalities have been noted in the cardiovascular 

responses of AD patients - which is generally attributed to 
autonomic nervous system dysfunction. During rest, AD 
patients have lower mean systolic and diastolic blood 
pressure but the same heart rate as control patients , 

10 After tilting, AD patients have a greater increase in heart 
rate, and the mean systolic blood pressure falls 
significantly (126 mmHg compared with 160 mmHg in controls 
(p less than 0.001) in one study [Elmstahl et al., 1992]. 

This effect seems specific to AD as noted in 

15 blood pressure (BP) measurements in a variety of dementias: 
Mean blood pressure and fasting blood glucose levels were 
lower in patients with AD, 94 +/- 12 mmHg and 4.3 +/- 0,5 
mmol 1-1, compared to patients with unspecified dementia 
(NUD) , 100 +/- 10 mmHg and 5.5 +/- 2.5 mmol 1-1 (P< 0.05) 

20 and vascular dementia (VaD) , 114 +/- 12 mmHg and 5.6 +/- 
1.6 mmol 1-1 (P < 0.001) and the age -matched controls. 
Furthermore, the severity of BP abnormalities in AD may 
progress with the disease: AD patients in a study by Wang 
et al., (1994) had a lower systolic blood pressure than 

25 controls in both supine (130.7 +/-17.4 vs. 145.4 +/- 20.7 
mmHg, p< 0.02) and standing (129.2 +/- 20.1 vs. 146.6 +/- 
21.1 mmHg, p < 0.008) positions, a difference which was 
especially noted in those patients with more severe 
dementia . This seems corroborated by other groups : Burke 
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et al., (1994) showed that although BP measurements were 
significantly decreased by between 6.9% to 15.9% in AD 
patients, sustained BP declines started in the third to 
fourth year after diagnosis. One explanation for these 
5 findings might be that there is a peripheral lowering of BP 
in response to central abnormalities. Applicants' data 
suggests that the AD patient might suffer from local 
abnormalities in cerebral microvascular flow. One scenario 
which explains the abnormalities in peripheral blood 

10 pressure and the finding of central hypoperfusion, is that 
amyloid interacts with small blood vessels (arterioles, 
precapillaries) and causes vasoconstriction in the manner 
described above. Beyond the constricted vessels there can 
be a resultant hypoperfusion to the supplied tissue. The 

15 peripheral resistance could be increased due to the 
constricted vessels and a homeostatic lowering of 
peripheral blood pressure would result. 

There is evidence that there is regional reduced 
cerebral blood flow in AD and that it is associated with 

20 small vessel damage in AD. White matter magnetic resoneuice 
hyperintensities are seen on MRI scanning in dementia of 
the Alzheimer type and are thought to represent damage to 
neuronal tissue as due to small cerebral vessel pathology 
(Waldemar et al., 1994). In a prospective MRI study the 

25 presence, appearance, volume, and regional cerebral blood 
flow (rCBF) correlates of periventricular hyperintensities 
(PVHs) and deep white matter hyperintensities (DWMHs) were 
examined in 18 patients with proba^Dle Alzheimer's disease 
and in ten age matched healthy control subjects, all 
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without major cerebrovascular risk factors. It was 
concluded that DWMH lesions may be associated with reduced 
rCBF in the hippocampal region. A further study has 
suggested that cerebral hypoperfusion may contribute to the 
5 genesis of white matter lesions in AD cases [Blenow et al . , 
1991] . 

One of the main themes of current treatment in AD 
is the use of anticholinesterases. The original rational 
for the use of antichiolinesterase therapies was that there 

10 is a deficiency of acetylcholine in the cortex in AD. This 
neuroteransmitter is known to mediate learning and memory 
however it is also responsible for vasodilation in the 
arterial vasculature. Thus, consistent with the beneficial 
effects of anticholinesterases seen in some AD patients, 

15 there may be a central vasodilatory effect, overcoming the 
vasoconstriction which applicants suggest may be important 
in disease etiology. It has been suggested that there may 
be a BP related response to treatment with 
anticholinesterases. In one study pre -treatment BP drop 

20 predicts poor response to anticholinesterase treatment in 
AD. Non responders demonstrated significantly greater 
decreases in pretreatment systolic postural BPs when going 
from a supine to sitting position than did responders 
[Pomara et al., 1991] . In a second study asking the 

25 question ^'Do blood pressure and age predict response to 
tacrine (THA) in Alzheimer's disease?" researchers found 
that the magnitude of PSOP fall and increasing age each 
contributed to the prediction of response to tacrine 
[Schneider et al., 1991]. 
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An important finding for risk for AD is the 
association between the APOE 84 locus and AD. This 
relationship has been confirmed and replicated in over 30 
independent studies. One key question in the light of the 
5 present discussion is the relationship of APOE locus to 
vascular disease. By virtue of it's known risk for 
vascular damage, APOE could enhance damage caused by 
amyloid in the cerebral microvasculature . In this regard 
the association found between 84 and the amount of amyloid 

10 angiopathy is pertinent. Cerebral amyloid angiopathy (CAA) 
is characterized by cerebrovascular deposition of the 
amyloid beta-peptide, leading to intracerebral hemorrhage 
in severe cases. An increase in e4 allele frequency (0.54 
+/- 0.07) was observed in AD cases with amyloid angiopathy, 

15 compared to those who did not have amyloid angiopathy (0.36 
+/- 0.04) . Contrary to reports suggesting an association 
of 84 and atherosclerosis, the 84 allele frequency was 
similar in cases with or without concurrent brain infarcts 
suggesting the brain infarcts aren't causing the dementia 

20 but that other vessel related pathogenic pathways are 
involved [Zubenko et al., 1994] . Researchers concluded 
that ApoE 84 is a risk factor for CAA and CAA- related 
hemorrhage, independent of its association with Alzheimer's 
disease [Greenberg et al., 1995]. This would support the 

25 notion that APOE 84 is an independent risk factor cerebral 
angiopathy rather than Alzheimer's disease per se. 
Applicants would contend that the known risk for vascular 
disease conferred by the APOE 84 allele is operative in AD 
and that in conjunction with amyloid vaso- activity and free 
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radical mediated damage e4 hetero- or homo- zygotes develop 
AD earlier that non e4 carriers. 

The 84 of the apolipoprotein E (APOE) gene has 
been shown to be associated with the more common, late- 
5 onset, form of AD [Strittmatter et al., 1993a; Corder et 
al., 1993; Saunders et al., 1993]. The APOE locus appears 
to influence the rate of progression of the disease, but is 
not in itself causative [Bennett et al., 1995] . 
Apolipoprotein E binds to low density lipoprotein (LDL) 

10 receptors and regulates lipoprotein metabolism. The 84 

allele is a recognized risk factor for hypocholesterolaemia 
and atherosclerosis [Davignon et al., 1988], but as 
Alzheimer's disease is excluded as a diagnosis in any 
dementia patients demonstrating gross vascular disease, 

15 hypotheses on the nature of ApoE's involvement in the AD 

process have focused not on it's Icnown atherogenic effects, 
but rather on it's potential interaction with the pAPP 
molecule [Strittmatter et al., 1993b] or it's effects on 
neuronal plasticity and regeneration [Nathan et al., 1994] 

20 suggesting a role for ApoE in neuronal maintenance and 

outgrowth, and in the regeneration of neurons after injury, 

LeaaonB from Genetic leaioiiB 

Previous studies of genetic lesions in the. P-APP 
25 molecule (the precursor of P-amyloid discussed throughout 
this disclosure) have noted that phenotypes may be largely 
associated with cerebral vascular disease and not AD. For 
instance a mutation within the P-amyloid sequence of P-APP 
which causes Hereditary Cerebral Hemorrhages with 
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Amyloidosis-Dutch type (HCHWA-D) presents as a series of 
hemorrhages to individuals in their forties, fifties and 
sixties. Examination of the verebral vasculature in these 
cases reveals revealed evidence of multiple hemorrhagic 
5 events with deposits of P-amyloid in vessels and vessel 
tortuosity. 

These cases have previously been considered as a 
model for amyloid (congophilic) plaque formation [Matt- 
Schieman et al,, 1994] because if affected individuals 

10 reach a significant age (i.e. do not die from early 

hemorrhage) they develop congophilic plaque. This sequence 
of events of damaged blood vessels and then plaque 
formation might suggest a similar sequence in the related 
condition of Alzheimer's disease. 

15 In those cases of early onset AD caused by 

mutations in P-APP, extensive P-amyloid deposition with 
congophilic angiopathy and widespread senile plaques can 
occur. [Rossor et al., 1993]. 

From a neuropathological perspective, cerebral 

20 amyloid angiopathy (CAA) is a common occu^*rence in AD with 
some estimates suggesting 100% of cases are affected. 
Typically amyloid fibrils are found in the vascular 
basement membrane and these lesions in the microvasculature 
are often associated with large deposits of amyloid 

25 surrounding the vessels and sometimes occluding their 

lumen. However, until now it has not been clear that P- 
amyloid is directly toxic to structures in the 
physiologically active vessel wall. Interestingly the 
premorbid pathology in humans, Down's syndrome cases and 
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transgenic mice all suggest the cerebrovasculature as a key 
site of action of p-amyloid. A transgenic animal 
expressing a gene promoting the carboxyl-tenninal 100 -amino 
acids of P-APP resulted in a pathology showing 
5 accumulations of P-amyloid in the cerebrovasculature. 

Taken together these observations can be 
explained by the central role of the cerebrovasculature in 
the pathogenesis of AD as suggested above by applicants . 
The evidence presented here unifies that 

10 observations in Alzheimer's disease regarding a central role 
for P-amyloid and suggests a prominent role for P-amyloid in 
the aging process as well as degenerative diseases in 
general. The model is consistent with slow onset of 
Alzheimer's disease and a mechanism for the observed memory 

15 deficits long before the neuropathological changes are 
detected. Young individuals have higher antioxidant 
capacity and can withstand free radical stress. Aging, in 
conjunction with environmental factors or genetic defects 
including increased P-amyloid production, by depleting 

20 antioxidant levels can exacerbate the effects of free 

radicals induced by P- amyloids. The long term oxidative 
stress induced by P-amyloids, along with the decreased 
production of nitric oxide and significant effect on the 
blopd vessel tone and, thus blood flow, could play an 

25 important role in the susceptibility to, and the progression 
of degenerative diseases. 

Applicants data demonstrate a cascade or mechanism 
by which AP can be all or in part a cause of diseases 
inducing an excess free radical production and resulting in 



wo 98/20736 



PCT/US97A20039 



-68- 



endothelial destruction and vasoconstriction. In general, 
aP induces vascular (vessel) constriction causing a lack of 
both oxygen and nutrient perfusion of the surrounding 
vascular tissue. This lack of both oxygen and nutrient 
perfusion leads to oxidative stress in the surrounding 
tissues and is mediated via the generation of excess free 
radicals, and can cause irreversible endothelial cell death. 

A method for prophylactic treatment of individuals 
possessing AD risk factors including age or genetic 
aberrations listed above by administering a modifier of 
superoxide anion formation or P-amyloid antagonist is 
disclosed. 

SERIES II EXPERIMENTS 

Materials and Methods 
Materials 

Cell culture media, fetal bovine serum (FBS) and 
other culture reagents were supplied by Clonetics, Gibco and 
Sigma. ^^.40 and ^^-42 were supplied by RBI and/or MD 
Enterprise, and AP25-30 was obtained from Sigma. SOD was 
obtained from Sigma. Verapamil and pimozide were purchased 
from RBI. 

Cell Cultures 

A human aortic endothelial eel line (HAEC) was 
obtained from Clonetics and grown in Endothelial Cell Growth 
Medium (Clonetics) containing Endothelial Cell Basal Medium 
(Supplemented with 10 ng/ml human recombinant Epidermal 
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Growth Factor, l^ig/ml Hydrocortisone, 12ng/ml Bovine Brain 
Extract, 2% FBS, 50|ig/ml Gentamicin and 50 ng/ml 
Amphotericin B. A human neuroblastoma cell line (BE{2)-Mi7) 
was kindly provided by Dr. R.A. Ross and Dr. B. Spengler 
5 (Fordham University) and grovm in DMEM medium with 

nonessential amino acids supplemented with 15% FBS (heat- 
inactivated) and Ix Antibiotic-Antimycotic. All these cells 
were maintained at 37**C, under an atmosphere containing 5% 
CO2. For the present experiments, HAEC and BE(2)-M17 were 
10 seeded at densities of 2x10^ cells per well in 24-2311 

clusters. The subcultured HAEC was used directly for tests 
the next day, whereas BE{2)-Mi7 was differentiated with 
retinoic acid, as described by Lovat, and then subjected to 
tests. 

15 

AP toxicity and its prevention HAEC. 

HAEC at a density of 2 xlO^ cell/well with 1 ml 
fresh EGM medium was exposed to an increasing concentration 
of AP1.40 (up to 32^M) , aPi_42 (up to 32^M) , and AP25.35 (^P to 

20 40jiM) , respectively. For the prevention of aP toxicity, the 
cells were pretreated with verapamil (SO^M) , pimozide (lOuM) 
and SOD 250 U/ml) for three to five minutes, respectively, 
and then exposed to Ap. The experiments were terminated one 
half, one, two and three hours post treatment by detachment 

25 with Trypsin/EDTA solution and followed by a toxicity assay 
with trypan blue exclusion. In parallel experiments, cells 
were attached to a round Therraanox (Nunc) at the bottom of 
the well, and were stopped three to 24 hours post treatment 
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by fixation with 4% neutral formalin solution which was 
followed by Hematoxylin-Eosin stain to show morphology. 

aP toxicity on BE(2)-Mi7. 
5 BE(2)-Mi7 of Ix 10^ per well in 24-well plate was 

differentiated with 10 "^M retinoic acid in 75% ethanol and 
then exposed to increasing concentrations of aP^.^q, Api.42 and 
Ap25-35# respectively. Trypan blue exclusion was used for the 
cell viability assay. 

10 

observation of morphological changes. 

Morphological changes in cells were monitored 
throughout the course of the experiment with an inverse 
phase -contrast microscope. After termination of the 
15 experiments, the cells fixed on the Thermanox were subjected 
to routine Hematoxylin-Eosin (HE) stain. The morphological 
characteristics of toxic cells were observed under light 
microscope and typical results were recorded by photographs. 

20 Cell viability assay. 

For approximate quantification of Ap toxicity of 
HAEC, modified procedure for trypan blue exclusion was 
employed. In brief, the detached cells were resuspended with 
an appropriate volume of culture media, 20nl of this cell 

25 suspension was mixed with an equivalent volume of 4% Trypan- 
blue solution thoroughly, and allowed to sit for two minutes 
after mixing. Approximately 9\il of the mixture was 
transferred to a hemocytometer for cell counting. The cell 
viability was determined by the equation: 
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Number of unstained (living) cells 

CELL VL^BILITY (%) = x 100% 

Total cells counted (stained + unstained) 



In the case of severe toxicity, where some of the cells were 
5 lysed, the total cell numbers were adjusted by that of 

controls. In this experiment, counts for each sample were 
triplicated. 

Statistical analysis. 
10 Results were shown as mean ± SE. Independent 

t-tests were used for analyses. 

RESULTS 

APi-42 AP25 -35 much more toxic to HAEC than ^Px-<ko* 

15 AP peptides, in particular the AP25.35 fragme^nt, 

have previously been reported to be neurotoxic (Behl et al., 
1994; Iversen et al., 1995; Mattson et al., 1993; Pike et 
al., 1993; Yankner et al . , 1990; Zhao, et al., 1993). In 
this experiment, the peptides were tested on HAEC and BE(2)- 
20 Mi7, HAEC cultures were observed to be 80%-.90% lysed 24 hours 
after exposure to 10|iM Ap^.^j 40iiM AP25.35. However, the 
cells exposed to Api.40 were not lysed and were comparable to 
peptide free controls cultures, even with concentrations up 
to 25^M for one week. To exclude the possible lot-to-lot 
25 difference of aP toxicity reported by May, applicauits tested 
the toxic effect of different lots of AP peptides from 
different companies (RBI, MD Enterprise, Sigma) • One batch 
of MD APi_42 was found to be much less toxic to HAEC than the 
others used (data not shown) , however several batches of 
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APi.40 purchased from RBI, MD and Sigma, were consistently 
found to be almost non- toxic to HAEC. These data suggest 
that A^x-A2 AP25-35 are more toxic than APi_40 on HAEC, and 

^nay therefore be more pathologic in vivo. The BE(2)- 
5 cells differentiated with retinoic acid were treated with 

the same concentrations of APi.40, AP3^.42 and AP25.35 as HAEC 
cultures, but not toxic effect was noticed even by day eight 
post treatment (data not shown) . These results confirm 
previous observations that AP toxicity is ceU type 
10 dependent (Gschwind et al. (1995) . 

AP induces necrosis rather than apoptosis on HAEC. 

To study characteristics of AP toxicity on HAEC, 
the cells attached on the Thermanox were exposed to AP at 

15 the indicated time and concentration and then subjected to 
HE stain (Figure 30) and DNA fragmentation assay with the 
ApopTag kit (Oncor) . HE staining that the cells treated 
with Api_42 and APjg-as had highly vacuolized cytoplasm, 
blebbing cell membranes and swelling cell bodies, some 

20 already lysed (Figure 31) . By contrast, the apoptosis assay 
failed to detect any difference in apoptotic signals between 
. AP treated and untreated cells (data not shown) . Applicants' 
observations indicate that AP induces necrosis rather than 
apoptosis in HAEC. 

25 * 

APi-42 and AP25.35 induce toxic effects on HAEC in time -and 
dose -dependent manner. 
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To quantitatively investigate Ap toxicity on HAEC, 
the same number of cells per well were exposed to either 
increasing concentrations of Api_4o, Api^42 and APjs-asr 
respectively, for three hours or a fixed concentration of Ap 
for different time periods. Trypan blue exclusion was used 
to assay for cell viability. These experiments were 
repeated four times separately. The results are as shown in 
Figures 27 and 28, Compared with untreated cells, a 
significant reduction of cell viability was induced by 4\m 
APi-42 and 5^M AP25.351 three hours post treatment; or by lOjiM 
Api-42 and 40fiM AP25.35, respectively, one half hour post 
treatment. aPi„4o, by similar microscopic examination, was 
not found to induce significant change of cell viability at 
low concentrations, although 32^M of AP1.40 appeared to cause 
significantly less cell visJ^ility compared to control 
(p=0.05) - These data show that both aP^.^j arid AP25-35 induce 
toxic effects on HAEC in a time-and dose -dependent manner. 

Prevention of AP toxicity on HAEC. 

Superoxide free radicals and increased 
intracellular calcium concentration have previously been 
shown to be involved in AP neurotoxicity in some 
es^rimental paradigms (Behl et al., 1994; Mattson et al., 
1992) , To understand the mecdianism of Ap toxicity on HAEC, 
applicants used SOD and the calcium channel blockers , 
verapamil and pimozide, to protect HAEC from aP toxicity. 
The cell viability by trypan blue exclusion is shown in 
Figure 29. Both SOD (250U/ml)and verapamil (SOfiM) can 
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partially prevent this toxicity, but pimozide (lOjiM) seems 
to be toxic itself, three hours post treatment. These 
results suggest that aP toxicity on HAEC is via a pathway 
involving an excess of superoxide free radical activity and 
5 via an influx of extracellular calcium. 

. Our results show that both a longer form of aP, 
APi.42' a fragment of aP, AP25.35, are apparently toxic to 

HAEC in a time-and dose -dependent manner, and this toxicity 
can be partially prevented with the calcium channel blocker, 

10 verapamil and the antioxidant superoxide dismutase (SOD) . 
aP toxicity on H/ysc occurs within 30 minutes of treatment 
with relatively lower doses (4}iM Api.42, 5jiM AP25-35) than that 
usually required in primary cultured neurons (Behl et al . , 
1992; Behl et al., 1994; Behl et al., 1994; Mattson et al., 

15 1993; Pike et al., 1993; Shearman et al., 1994; Zhang, et 
al., 1994; Zhao et al., 1993) and vascular smooth muscle 
cells (3-5 days, SO-'lOOuM) (Davis-Salinas et al, 1995), 
indicating a particular sensitivity of endothelial cells to 
Ap toxicity. Also the common form of AP, AP1.40, which has 

20 been shown to be neurotoxic, is much less toxic to Hi\EC, 
even with a concentration up to 25|iM applied for one week. 

It has been reported that a variety of mutations 
in the P-amyloid protein precursor (P-APP) gene and both the 
Presenilin-1 and -2 genes in early-onset familial AD cause 

25 an incriease in the plasma concentration of aPi_42 (Scheuner et 
al., 1996). The present results indicate that HAEC, and 
possibly endothelial cells of the cerebrovasculature, are 
more sensitive to Ap toxicity than neurons and smooth muscle 



wo 98/20736 



PCT/US97/20039 



-75- 



cells, and that may be more important than Api_4o in the 

pathogenesis and progression of AD angiopathy. 

The mechanism of AP toxicity to endothelial cells 
is via a pathway involving an excess of superoxide free 
5 radicals and an influx of extracellular calcium. Applicants 
show that AP peptides may damage cellular components of the 
vasculature, triggering vasoconstriction and damage via free 
radicals (Thomas et al,, 1996). The present data support 
that possibility, but further emphasize that be the 

10 toxic metabolite of P-APP. However, it is likely that the 
mechanism of cell toxicity observed is different from the 
mechanism of enhancement of vasoconstriction in isolated 
aortae because the doses and time requirements for cell 
culture toxicity are each up to 100% higher than those 

IS needed to enhaoice vasoconstriction. 



Methodology 

20 Vasoconstriction and vasodilation were measured in 

rat aorta using the system previously described by Thomas et 
al., (1996). Normal Sprague-Dawley rats were sacrificed by 
decapitation, and freshly dissected rat aorta was segmented 
into rings and suspended in Ringers buffer using a 

25 tensiometer linked to the MacLab system. Following a two 
hour equilibration period, the *pre treatment" contraction 
was carried out. The aortic rings were contracted using a 
range of doses of endothelin-1 and relaxed using a single 
odes of acetylcholing (Ach(lO'^M) ) . Due to the observed age- 
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dependent dose sensitivity, the doses of ET-1 for old rats 
(seven months+) was initially 1x10"^^, 5x10"", 1x10'^, 2x10'^ 
and 4x10'^; while for young rates (two to three months) 
1x10'", 1x10"^, 5x10'^, 7. 5x10"^ and lxlO"®M. However, we then 
5 identified an intermediate dose range in which both the 
older and younger tissue was responsive, 5x10"", 1x10'^, 
2x10"^, 3x10"^, 4x10"' and SxlO'^M. After a further two hour 
equilibration the test compound (s) was added to the buffer 
surrounding the rings cuid the contraction repeated at the 
10 same doses of endothelin. The dose of each aP peptide was 
IpM, with the exception of AP25-35 (l^M and 5jiM) , and was 
added ten minutes prior to the first ET-1 dose. For SOD 
treatment we added 150 U/ml 30 seconds before the addition 
of Ap. 

15 Endothelium was removed by gently passing a glass 

pipette, dipped in saline solution, through the lumen of the 
aortae several time, allowing the pipette to gently brush 
the endothelial surface. Endothelium was removed from the 
aortae prior to hanging in the tissue bath system. Both 

20 pre-and post treatment contractions involved a single does 
of ET-1 (5x10"'m) . 

The ET-receptor antagonists were tested by 
addition either ten minutes before or ten minutes after AP 
- ET-A antagonist at a concentration of lxlO"^M and the ET-B 

25 antagonist at lxlO"°M. Verapamil was used at 50|iM cind was 
added two minutes before the addition of Ap. 

In all cases the mean difference in percentage 
contraction in the pre- and post -contract ions (before and 
after addition of test compoxmd respectively) was measured, 
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and compared between the two. Endogenous production of ET-1 
was measured using an ET-1 RIA kit (Peninsula Laboratories) . 

RESULTS 

5 

aPi-4o enhancement of endothelin-1 vasoconstriction. ^1.40 
dramatically enhanced the contraction of rat aorta by ET-1, 
demonstrating signif iceoit difference when compared to 
controls at doses of ET-1 except for the first (5x10*"m) , 

10 and showing as much as nine times greater contraction thoin 
controls at one dose (3xlO*^M) (Figure 30). Anonymous peptides 
(peptide 33 and 35) were also tested in this system. One 
showed no significant enhancement over control, the other 
did - but aP enhcoicement was significantly greater. A 

15 comparison of the effects of AP1.40 on endothelin-1 

vasoconstriction in aortae from older and younger rats 
showed a trend towards greater enhancement in older rats 
(Figure 31) . 

20 Comparison of different AP fragments. AP1..42 also enhanced 
the ET-1 contraction, as in the case of AP^^^q this was 
significantly different from controls (p<0.05) at all but 
the first dose of ET-1. However, at two doses of ETrl 
{2xlO"^M and 3x10;'m) the Api.42 (p<0.05) (Figure 30). By 

25 contrast the AP25.35 fragment was unable to enhance 

contraction even at five times the concentration of APi.40 
(Figure 30) . Treatment with IfiM or 5|iM doses of f^2s-2s 
produced contractipns not significantly different from 
controls at any dose of ET-1. 1\M AP25.35 was significantly 
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different from AP1.40 at all but the first two doses {p<0.05) 
while 5|iM AjJjs-as differs significantly from at the first 

four doses (p<0.05), 

5 Effects of SOD on aP enhancement. In contrast to the 
previous finding that pretreatment with SOD blocked Ap 
enhance PE vasoconstriction, SOD could only block a 
proportion of the AP enhancement of ET-l induced 
vasoconstriction (Figure 32) . There was no sj.gnificant 
10 difference between aP alone and SOD+Ap at any dose, however 
there was a tendency towards significance (decrease in the 
SOD+AP contraction) at the highest dose of ET-1. Treatment 
with SOD alone produced contractions which did not differ 
significantly from controls at any dose. 

15 

Effects of endothelin-1 receptor antagonists on enhancement 
by Ap. In the presence of the ET-A receptor antagonist, the 
normal contraction of rat aorta by ET-1 was significantly 
decreased, an effect which was in part countered by the 

20 addition of AP (Figure 33) Significant differences were 
observed between ET-1 contractions with ETA antagonist 
alone, and contractions were Ap was added prior to the 
addition of ETA antagonist (p<0.05 at dose one, two and 
three) . When the AP was added after the addition of the 

25 antagonist the contractions were enhanced at the higher 
doses of ET-1 but did not reach statistical significance. 
Comparison of contractions with aP added before or after the 
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antagonist demonstrated the two to be significantly 
different (p<0,05) at the first does of ET-1 (dose 0) . 

Effects of calcium channel antagonists on enhancement by Aji. 
5 Since there have been a number of reports suggesting an 
interaction between aP and calcium channels, and that the 
ET-1 system is known to elicit an increase in [Ca^^li, 
through the activation of ET-A receptors, applicants 
investigated the effects of the calcium channel blocker 
10 Verapamil in the vessel system (Figure 34) . We found that 
Verapamil, which is an **L" type calcium channel blocker had 
no effect on AP enhancement and that Verapamil alone caused 
enhancement of contraction. 

15 Effects of endothelia removal on enhancement by Ap. In the 
absence of endothelium AP was found to enhance contraction 
of rat aortae to an extent not significantly different from 
the enhancement observed in the presence of endothelium 
(Figure 35) . Control contractions (ET-1 alone) in the 

20 presence of absence of endothelium did not- differ 

significantly from each other. Furthermore, when we 
attempted to block enhancement by aP with SOD we found no 
effect on AP enhancement in the absence of endothelium 
(Figure 36 and 37) . 

25 

These data show that the AP peptide demonstrates 
vasoactivity and enhances the response of vessels to 
exogenous vasoconstrictors. The endothel in -enhancement 
system is a more robust system demonstrating a pronounced 
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enhancement in the presence of Ap. Enhancement of 
constriction by aP occurs in an ET-1 dose -dependent manner, 
with actual constrictions beginning at a lower dose of ET-1 
than is nomally capable of producing constriction (Figure 
5 30) . Although the vasoactive nature of Ap demonstrated in 
this system may reflect a normal physiologic role for the 
peptide in vascular tone, the observation of an age- 
dependent sensitivity of aoirta to enhancement of contraction 
(Figure 31) suggests that supraphysiologic levels of aP in 

10 older tissue are more likely to have damaging consequences. 

Despite recent reports suggesting a key role for 
the aPi.42 peptide in the pathogenesis of AD, a decreased 
enhancement of vasoconstriction by APi.42 (Figure 30) was 
shown. These data suggest that the factors mediating the 

15 vasoactivity of the Ap peptide are distinct from the 

cytotoxic mechanisms. This is further supported by the fact 
that even at five times the concentration of APi_4o/ the 
AP25.35 peptide (which is widely recognized to be highly 
neurotoxic and is toxic to endothelial cells in applicants' 

20 studies) does not enhance vasoconstriction" of the aortae 
(Figure 30) . Together these data suggest that the 
demonstrated vasoconstriction by APi^.40 may possibly represent 
by AP^.42. In a less physiologic system such as isolated 
endothelia, neuronal or smooth muscle cells in culture, the 

25 direct impact of non-physiologic levels of APi.42 or AP 
fragments which do not occur naturally, would be the 
activation of cytotoxic mechanisms. 
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In relating this putative normal role for Ap to 
the pathogenesis of AD, excessive and sustained contraction 
of the vessels in response to increased circulating levels 
of aP, in conjunction with the amyloid deposits in the walls 
5 of cerebral blood vessels, could lead to disturbed 

microcerebral circulation and neuronal impairment. This 
theory is supported by the increased sensitivity of older 
vessels to AP enhanced contraction . 

AP has been shown to generate oxygon free radicals 

10 in other systems, supporting the possibility that in this 
system Ap disrupts the NO/O2' balance leading to 
vasoconstriction or enhancement of vasoconstriction. Unlike 
the system described by Thomas et al . , in this system 
applicant were unable to completely block the Ap enhancement 

15 by pre treatment with SOD (Figure 32) . This may be due to 
the fact that in this system the combined exogenous and 
endogenous levels of ET-1 mask the counteractive effects 
produced by SOD treatment - effects which would be more 
significant in vivo with only endogenous levels of ET-1. 

20 However, AP enhancement with or without endothelium is 
observed. This suggests that AP enhancement occurs as a 
result of Ap interaction with smooth muscle rather than a 
direct imbalance of NO/O2". As enhancement in the absence of 
endothelium was not significantly greater than that in the 

25 presence of endothelium, this supports the fact that loss of 
NO is not the key factor in the vasoconstrictive mechanism. 

It is feasible that AP can induce vasoconstriction 
by a combination of mechanisms including free radical 
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generation, but SOD has no effect on Ap enhancement in the 
absence of endothelium, and only modulatory effects in the 
presence of endothelium. Therefore the vasoconstrictive 
effects of AP do not directly result from production of 
5 superoxide radical, although in vivo SOD could have 

beneficial effects through mediating the vasoconstrictive 
action of Ap. 

To investigate the possibility that AP releases 
endogenous stores of ET-1 a radioimmunoassay in which 
10 endogenous ET-1 released into the vessel buffer, would 

1.25 

compete with I-labeled ET-1 for binding to a specific 
antibody was performed. The results did not indicate that 
any unlabelled ET-1 was present in the competition. In 
addition, to examine the role played by lipid peroxidation 
15 in the vasoconstrictive mechanism, vessels were contracted 
in the presence of allopurinol, which inhibits the 
conversion of xanthine dehydrogenase to xanthine oxidase, 
preventing lipid peroxidation. No effect on AP enhancement 
in the presence of allopurinol (Figure 38) was seen. In 
20 addition, since endothelin release has been shown to be 
related to lipid peroxidation, and consequently can be 
inhibited by allopurinol, endogenous ET-1 is not released by 
AP treatment. 

The endothelin **A* receptors (ET^) are located in 
25 smooth muscle and are responsible for the majority of 

contraction induced by ET-1. Endothelin **B" receptors (ET^) 
are located mainly on the endothelium, where they induce 
dilation, and to a lesser extent on the smooth muscle where 
they complement the ET^ receptors . In the absence of the 
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endothelium therefore, contractions induced by ET-1 are 
slightly enhanced due to the loss of the dilatory effects of 
those ETb receptors. The effects of an antagonist specific 
to the ETa receptors on constriction and enhancement by Ap 
5 were observed (Figure 33) . The loss of ET^^ receptor binding, 
leaves the ET-1 binding to the ETg receptors on both 
endothelium and smooth muscle, balancing vasoconstriction 
with vasodilation and having the net effect of reduced 
vasoconstriction - below that in AntA-free systems. 

10 Addition of AP countered the effects of AntA. When AP was 
added prior to AntA, there were significant differences in 
contraction compared to AntA alone at the first three ET-1 
doses (5x10 , 1x10 , 2x10 M) . Although this does not 
demonstrate a direct effect of aP on the endothelin 

15 receptors themselves, one would expect that if AP 

enhancement occurred through an entirely separate mechcihism 
that there would be no difference between addition of AP 
before of after AntA. This is not the case - pretreatment 
with AP markedly improves contraction coinpared to AntA 

20 followed by Ap. It remains a possibility that AjP either 
directly binds to ET^ receptors, or that it in some way 
enhances the ability of ET-1 to compete for binding to the 
receptor. 

It has been previously demonstrated that AP can 
25 form Ca^* channels in a lipid bilayer, specifically the AP25-35 
fragment has been implicated in channel formation. No 
effect on vasoconstriction in the presence of AP2S.35 was 
observed. Hence, the data does not provide any evidence for 
the formation of such channels. From cell culture data (Suo 
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et al.) it is known that verapamil, a blocker of L type Ca^* 
channels, can attenuate endothelial toxicity of AP 
fragments. Verapamil had no effect on aP enhancement of 
vasoconstriction, in fact verapamil alone caused enhanced 
5 contraction in response to ET-1 doses compared to untreated 
(Figure 34) . Since ET-1 has been reported to involve ^'R" 
type calcium channels, it is possible that blocking the **L" 
channel enhances the Ca^* influx throughout the R channels. 
If this is the case, then the failure to observe even 

10 greater enhancement in vessels treated with verapamil and AP 
suggests that either the contraction is already at a maximum 
in the vessels treated with aP alone, or that AP also 
enhances Ca^* through R channels. 

The data support the possibility of a vasoactive 

15 role for Ap;^.4o, which can be mimicked by the AP1.42/ fragment, 
but not by non -physiological fragments of p-APP. Although 
the vasoconstrictive effects of AP can be modulated by 
treatment with SOD, the mechanism of enhancement of 
vasoconstriction does not require the endothelium and thus 

20 does not directly produce of superoxide radical . It is 
therefore more likely that aP acts directly on the smooth 
muscle cells, probably through interaction with calcium or 
other ion channels ... 

25 SERIES jy BCPPRIM BMT g 



Considerable circumstantial evidence implicates a 
microvascular dysfunction in Alzheimer's Disease (Kalaria, 
in press) . In this context, cerebral amyloid angiopathy 
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(CAA) , a well -recognized accompaniment to other AD 
pathology, has well documented hemorrhagic and ishemic 
consequences. Moreover, allelic variants of the P-APP gene 
are associated with either AD or cerebrovascular disease 
(Mullen, 1993) and signs of gross cerebrovascular disease 
(i.e, clinical stroke) are a common occurrence in AD due to 
mutant p-APP (Mullen, 1993) . Thus, a relationship appears 
to exist between vascular Ap, cerebromicovascular disease, 
and AD. 

Applicants have shown that Api_4o is vasoactive in 
nanomolar concentrations when applied to freshly excised rat 
aortic rings maintained in physiologic medium (Thomas et 
al., 1996). More specifically, applicants found immediate 
endothelial cell dysfunction manifested as vasoconstriction, 
enhancement of vasoconstriction, and resistance to 
acetylcholine-induced relaxation. After three hours of 
exposure to Ap, damage to the endothelium and deeper layers 
of the aorta was also evident (Thomas et al., 1996) . 
Because these observations suggest a mechanism by which 
vascular Ap may play a role in cerebrovascular abnormalities 
and neurodegeneration, animal studies investigating the 
consequences Ap administration could provide valuable 
insight therein. Prior to the present study, however, 
studies involving intravascular AP infusion had been limited 
to a single infusion paradyme that characterized either to 
transport Ap across the BBB or the degree to which Ap 
sequestration by the BBB occurs (Martel, et al., 1996; 
Maness, et al., 1994). To provide the first investigation 
into effects of ''long term" intravascular Ap infusion, the 
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present study evaluated both histologic and behavioral 
consequences of intravenous AP infusions in adult rats over 
a 14 day period. 

Eleven three month old male Sprague-Dawley rats 
5 (300-350g) were anesthetized with sodium pentobarbital 

(50mg/kg, ip.) and a polyethylene cannula was inserted into 
the right external jugular vein to approach or enter the 
right atrium. On the following day, five cannulated animals 
began receiving twice daily intravenous infusions of freshly 

10 solubilized (SOfig in 0.2ml distilled water). The 

remaining six animals served as controls by receiving twice 
daily intravenous infusions of vehicle solution. Treatments 
were continued for 14 days, with Morris water maze 
^'acquisition" (learning) tested during days 7-13 and water 

15 maze memory retention evaluated on day 14. Daily 

acquisition testing consisted of four consecutive daily 
trials, wherein latency to reach the submerged platform in 
Quadrant 2(Q2) was determined and a daily average 
calculated. For the memory retention trial, the submerged 

20 platform was removed and animals were placed in the quadrant 
opposite Q2. The percentage of time spent in the quadrant 
formerly containing the platform (Q2) was used as a measure 
of memory retention. Acquisition data was analyzed rising 
two-way ANOVA for repeated measures and retention data was 

25 analyzed with one-way ANOVA and Student's t-test.. 

On day 15, animals were anesthetized with sodium 
pentobarbital and transcardially perfused with 4% 
paraformaldehyde in O.IM PBS (pH 7.4) . Tissue samples from 
the lung, heart, kidney, liver and pancreas were collected 
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and post-fixed in perfusate solution until histologic 
processing. Brains were removed and placed in perfusate for 
24 hours, followed by cytoprotective storage in 30% sucrose 
until histologic processing. For all tissues 20 and 40 |iTn 
5 frozen sections were collected and stained with Mayer's Acid 
Hetnalin followed by alkaline Congo red. Selected 20 jim 
brain sections were stained for glial fibrillary acidic 
protein (GFAP) . 

Control rats that had received vehicle infusions 

10 of distilled water showed no pathology by light microscopy I 
any examined organ and showed no birefringence under 
polarized light with Congo red staining. In sharp contrast, 
four of five aP- infused animals showed gross pulmonary 
hemorrhage, again in the absence of Congo birefringence. 

15 Such severe vascular accidents were not, however, typically 
seen in other peripheral tissues (i.e., kidney, pancreas, 
heart) from AP-infused animals. One possible explanation 
for the selective AP- induced hemorrhagic effects in the lung 
is that the pulmonary vascular bed is the first 

20 microvasculature encountered by Ap following jugular vein 
infusion. While the mechanism of AP-induced hemorrhage 
remains to be resolved, it may involve pulmonary 
hypertension or vessel damage similar to that previously 
observed by us in tissue bath experiments (Thomas et al., 

25 1996) , 

Although no Congo red birefringence was observed 
in the brains of AP-infused animals, increased perivascular 
gliosis was evident in GFAP- stained brain sections (Figure 
31) . This perivascular gliosis, which may represent a 
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reactive response to damaged cerebral vessels, has also been 
reported to occur in Alzheimer' s-diseased brains (Kalaria, 
in press) . In water maze testing, the acquisition and 
memory retention of AP- infused animals was no different from 
5 that of vehicle -infused controls, indicating that long-term 
intravenous infusion of aP did not impair cognitive 
performance in this task. 

This is the first study to investigate the 
consequence of "^long term'' intravascular AP infusion. 

10 Several earlier ^acute" studies involved a single 

intravascular Ap injection in evaluating BBB sequestration 
and transport of Ap (Martel, et al., 1996; Maness, et 
al.,1994). The present long-term study provides initial 
evidence for histopathologic effects of intravascularly- 

15 administered Ap, In?)ortantly in this study, both the 
pulmonary hemorrhage and the brain perivascular gliosis 
prevalent in aP- infused animals were observed without Congo 
red birefringence. This suggests that infused APj^.40 does not 
require complex aggregation and fibril formation to cause 

20 lung damage or reactive cerebral changes. ' Moreover, the 
plasma concentration of Ap resulting from each intravenous 
infusion (about 5^g/ml plasma) is 2000-3000 times less than 
the concentration of AP determined to be neurotoxic 
following direct intracerebral infusion. 

25 Collectively, the results of this study suggest 

that, in the absence of organized P-sheet conformation, 
circulating AP can induce severe vessel dysfunction/damage 
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in the periphery and the brain, consistent with a role for 
vascular aP in the pathogenesis of Alzheimer's Disease. 

The enhancement of vasoconstriction observed with 
and with endothelium shows that: 
5 1) Ap causes the enhancement of vasoconstriction 

by a pathway that finally results in increased intracellular, 
calcium levels in a smooth muscle cells. The data do not 
preclude the possibility that Ap directly increases 
intracellular calcium levels in smooth muscle cells by 

10 opening calcium channels, stimulating receptors or by 
otherwise altering the smooth muscle cell membrane. 

2) Raised intracellular calcium levels in 
endothelial cells is likely to result in nitric oxide 
synthase activation and the subsequent release of the 

15 vasodilator NO. Thus, in the presence of an intact 

endothelium, two forces would operate in the presence of Ap. 
peptides - an opposition to constriction provided by 
endothelial activity, and an opposition to relaxation 
provided by smooth muscle activation. In the absence of any 

20 forces that upset this balance, the addition of Ap alone in 
an unperturbed system is likely not to result in any 
vasoactivity - a phenomenon we confirm in most isolated, 
lontreated vessels that we observe. In the presence of aP 
any compounds that result in changes in intracellular 

25 calcium levels are likely to emphasize any different effect 
of AP on the endothelial cell (relaxation) and smooth muscle 
cells (vasoconstriction) . Thus, with endothelin, known to 
increase intracellular calcium levels, the overall effect is 
to increase constricting responses in the smooth muscle 
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rather than relaxing responses in the endothelial cells. 
The blockage of calcium across both endothelial and smooth 
muscle membrane surfaces (i.e. by verapamil) results in 
little effect on blockage of vasoconstriction (Figure 34) as 
5 relaxing responses are predicted to be blocked by verapamil 
also. However, in the absence of endothelial cells 
verapamil would be expected to block only the constricting 
responses resulting in less vasoconstriction after aP 
(Figure 39) . Thus, it is concluded that calcium passage 

10 across cell membranes is central to the role of AP in 

vasoconstriction suggesting that this may be a key site for 
therapeutic intervention in this phenomenon. 

In view of the above, there have been developed 
protocols for utilizing the present invention for diagnostic 

15 and therapeutic purposes. 

Throughout this application various publications 
are referenced by citation and number. Full citations for 
the publication are listed below. The disclosure of these 
publications in their entireties are hereby incorporated by 

20 reference into this application in order to more fully 
describe the state of the art to which this invention 
pertains . 

The invention has been described in an 
illustrative manner, and it is to be xinderstood the 
25 terminology used is intended to be in the nature of 
description rather than of limitation. 

Obviously, many modifications and variations of 
the present invention are possible in light of the above 
teachings. Therefore, it is to be tinderstood that within 



wo 98/20736 



PCTAJS97y20039 



-91- 

the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described. 
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What is claimed is: 

1 . A method of blocking cellular toxicity induced by Ap 
S peptides by administering a calcium channel antagonist to cells. 

2. A method as set forth in claim 1 wherein the calcium channel 
antagonist is selected j&om the group consisting of SOD and ver^amil. 

10 3. A method ofenhancing vasoconstriction by exposing smooth 

muscle cells to Ap in the absence of endothelial cells. 

4. A method of making an animal model by infusing the animal 

withAp. 

15 

5. A method as set forth in claim 4 wherein APi^o is infused. 

6. A method as set forth in claim 5 wherein Ap,^ is infused 
twice daily for two weeks to achieve a final molarity of O.S^M 

20 

7. Amethodof treating patients with vascular disease by 
preventing an interaction between Ap peptides an smooth muscle cells of the 
vasculative. 

25 8. A method as set forth in claim 7 A^erein said protecting step 

is further defined as protecting the smooth musculative of the 
cerebrovasculature. 

9. A method of producing an animal model of vascular disease 
30 by infiising Ap peptide to produce vasculative degeneration. 



wo 98/20736 



PCT/US97/20039 



-104- 

10. A method as set forth in claim 9 further defined by 
producing lung vasculature degeneration. 

11 . A method as set forth in claim 10 further defined as infusing 

5 Ap peptides. 
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